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MASS SPECgROMETER FOR D-REGION STUDIES 

SUMMARY 

An instrument for the measurement of ambient ions in the D region of 
the atmosphere has been designed, built and tested in the laboratory. Its 
main components are a monopole mass spectrometer and a titanium getter 
pump. One unique feature is the wide mass rangefrobmass 1 to approxi- 
mately mass 400 in a scanning time of only 2.1 seconds. Laboratory tests 
have proven that the instrument has adequate sensitiBity and resolution 
and it is ready for installation in a Tomahawk rocket. 

This second part of the final report contains a detailed description 
of this flight prototype instrument, the test results and also all instruc- 
tions for operation. 

The first part mf the final report will contain the theoretical back- 
ground with references' and the test results previously obtained with the 
laboratory model. 

1. GENERAL DESIGN CONSIDERATIONS 

Flight equipment for satellite applications has to be light and compact. 
The requirements for sounding rockets operating in the lower atmosphere, are 
less stringent. The expected performance of the mass spectrometer-getter 
pump system would be severely reduced by a reduction in the size of the 
instrument. Because major ,dis,advantages would result in attempting to use 
a 6-inch~0.d~package~ the use of an 8-inch 0.d. to niate the cas%ljag of 
a single stage Tomahawk rocket, has been selected. Since no other experi- 
ments were planned for the same rocket, weight consideration did not require 
a compromise with instrument performance. The flight will be to a maximum 
altitude of 100 km in order to obtain along sampling time in the D region. 
This permitted the construction of an easily serviced instrument, which is 
of extreme importance for a first prototype. Standard ultra 

n used to allow disassembly a 
ff iiubes, have 
e measurements p 
period when the 
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The t o t a l  weight of t he  present  instrument  is 61 pounds. This f i g u r e  
does not  include the  nosecone and rocke t  sk in ,  t he  b a t t e r i e s ,  t he  te lemetry 
system and minor accesso r i e s .  The inner  s t r u c t u r e  of t he  instrument  con- 
t r i b u t e s  only a small f r a c t i o n  t o  t h i s  weight a s  i nd ica t ed  i n  the  fol lowing 
t ab le :  

Monopole mass spectrometer  
Ion pump 
Ion source and cover r e l e a s e  
E lec t ron ic s  
E lec t ron ic s  housings 
Mass spectrometer  housing 
Pump housing 
Main support  tube and rocket  mounting f lange  

4 l b  
1 l b  
4 l b  
1 l b  
6 l b  

13 l b  
10 l b  
22 l b  

61 l b  

Af te r  completion of the  l abora to ry  t e s t i n g ,  i t  would be poss ib l e  t o  e l imina te  
the  l a r g e  u l t r a  high vacuum f lange  and r ep lace  l;t by a welded connection, 
reduce the  wal l  th ickness  of t he  tubes,  and t o  e l imina te  the  valves  and 
r ep lace  them by pinched o f f  tubes.  This would reduce the  t o t a l  weight t o  
about one- th i rd  of i t s  present  va lue ,  without e f f e c t i n g  the  a c t u a l  perform- 
ance of t he  instrument  

The e l e c t r o n i c  packages have been designed f o r  easy removal from the  
instrument  during the  bakeout procedure. 
round boards,  which c a r r y  only low vol tages  and can be exposed t o  the  am- 
b i e n t  atmosphere without  danger of a glow discharge.  The r e s t  of t he  e l e c -  
t r o n i c s  i s  mounted i n  four  s ea l ed  boxes, f i l l e d  with a i r  a t  atmospheric 
pressure ,  which a r e  a t t ached  d i r e c t l y  t o  the  monopole instrument.  They 
supply the  high vol tages  necessary f o r  t he  opera t ion  of t he  e l e c t r o n  mul t i -  
p l i e r ,  t he  ion  l ens  and the  monopole f i l t e r .  The fou r th  box conta ins  the  
e lec t rometer  ampl i f i e r  which i s  pro tec ted  a g a i n s t  h igh  ambient humidity. 

These packages c o n s i s t  of two 

A simple ion  source has  been provided t o  permit checkout of t he  i n s t r u -  
ment i n  the  labora tory  and before  f l i g h t .  This i on  source w i l l  be e j e c t e d  
during f l i g h t  p r i o r  t o  the  a c t u a l  measurement of ambient ions.  

The choice of a t i t an ium g e t t e r  pump i n  preference  over t he  convent ional  
z e o l i t e  absorp t ion  pump was t r igge red  by the  fol lowing cons idera t ions .  Liquid 
n i t rogen  is no t  needed, which e l imina te s  the  p o s s i b i l i t y  of contaminating 
the  ambient atmosphere by evaporated ice from the  f i l l i n g  a p e r t u r e  of t he  
absorp t ion  pump. In  add i t ion ,  t he  abso rp t ion  of t he  gas i n  the  t i t an ium 
g e t t e r  pump occurs p r a c t i c a l l y  ins tan taneous ly ,  whereas the  absorp t ion  i n  
the  z e o l i t e  pump is  a much slower process.  
medium a l t i t u d e  during f l i g h t ,  t he  pressure  inc rease  i n  the  instrument is 
q u i t e  d i f f e r e n t  f o r  each type of pumps. 
s u r e  inc reases  gradual ly  and con t inua l ly  a f t e r  t he  instrument  has  been 
opened. In  a cryogenic pumped system. the  pressure  inc reases  r a p i d l y  upan 
opening and 
l a rge  gas load and a s  the  gas i n f l u x  is  reduced. The t o t a l  absorp t ion  

I f  t he  instrumeht  is  opened a t  

In a g e t t e r  pumped system the  pres-  

t h e r e a f t e r  decreases  Slowly a s  t he  pump absorbes the  i n i t i a l  
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c a p a b i l i t y  of the  cryopump cannot be u t i l i z e d  s ince  t h i s  f i r s t  pressure 
b u r s t  would cause a temporary blackout of t he  instrument.  In  both cases ,  
t he  opening a l t i t u d e  has  t o  be c a r e f u l l y  chosen t o  avoid s a t u r a t i o n  of 
t he  pump. The t i tan ium g e t t e r  pump has the a d d i t i o n a l  advantage of main- 
t a i n i n g  high vacuum i n  the  system during extended s to rage  per iods of the  
instrument.  Since during t h i s  per iod a p a r t  of the  a c t i v e  t i t an ium may 
have been consumed, it i s  advisable  t o  depos i t  a new layer  of t i t an ium 
s h o r t l y  before  launch. 
t i o n  of switching o f f  t he  power t o  the  pump s h o r t l y  before  launch and t o  
use only the  g e t t e r  a c t i o n  of the  f r e s h l y  deposi ted t i t a n t i u m  on the  wal l s  
of the  pump,during the  a c t u a l  f l i g h t  experiment. Proposals f o r  improve- 
ment of t h i s  method a r e  included i n  Sect ion 7. 

The present  system has been b u i l t  with the  in ten-  
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2. DETAILED DESCRIPTION OF THE MECHANICAL DESIGN 

The instrument c o n s i s t s  e s s e n t i a l l y  of t h r e e  p a r t s ,  the  main mass 
spectrometer,  t he  t i t an ium g e t t e r  pump, and t h e  i o n  source which w i l l  be 
e j e c t e d  during f l i g h t .  The instrument w i l l  be descr ibed with the a i d  of 
Figure lwhich is  a schematic c r o s s  sec t ion .  
d e t a i l s  a s  poss ib l e ,  it was necessary t o  t u r n  some p a r t s  i n t o  t h e  c u t t i n g  
plane; t h i s  changed the  r e l a t i v e  p o s f t i o n  between s e v e r a l  p a r t s .  Compari- 
son with t h e  a c t u a l  instrument w i l l  e a s i l y  permit i d e n t i f i c a t i o n  of each 
component. 

I n  o rde r  t o  show a s  many 

The i n t e r f a c e  between the  mass spectrometer and t h e  pump c o n s i s t s  of 
two s tandard 8-inch diameter u l t r a -h igh  vacuum f l anges  with a s p e c i a l l y  
machined copper gasket  ‘(76) which ho lds  t h e  g r i d  (27). 
i n s e r t e d  between pump and mass spectrometer f o r  two reasons: f i r s t ,  t o  
s h i e l d  the  mass spectrometer e l e c t r i c a l l y  a g a i n s t  t he  pump; second, t o  
prevent t i n y  chips  of t i tanium, which may occas iona l ly  pee l  o f f  from the  
wal l  of t h e  pump, t o  f a l l  i n t o  the  mass spectrometer.  

This g r i d  has been 

The i n t e r f a c e  between the  mass spectrometer and t h e  e j e c t a b l e  ion  
source i s  shown by t h e  heavy l i n e  (53). The r o t a b l e  f l ange  (10) is  a t -  
tached t o  the  housing of t he  monopole instrument by two Truarc r i n g s  (47) 
and is  used f o r  t h r e e  purposes: 

(a) To f a s t e n  the  i o n  source t o  the  mass spectrometer.  
(b) To hold the  instrument i n  the  c e n t e r  of t h e  rocke t  s k i n  by means 

of a n  O-ring (52), wh$ch is  squeezed by the  b o l t s  (51) between t h e  s k i n  
and f lange.  This rubber O-ring provides e l e c t r i c a l  i n s u l a t i o n  a s  well a s  
shock mounting. 

which a r e  loca t ed  around the  monopole mass spectrometer.  These packages 
a r e  sea l ed  by t h e  O-ring (60) (Parker No. 114) and by the rubber p l a t e s  
(59) underneath the  covers (58). 

(c) The b o l t s  (48) hold the  four  pressurized e l e c t r o n i c  packages 

The e n t i r e  instrument i s  supported and mounted i n  the  rocke t  by the  
tubu la r  s tand (36) which can be removed from the  8-inch f l ange  without 
s e p a r a t i n g  t h e  f l anges  and vent ing the  system. The two e l e c t r o n i c  boards 
(40)  and (38), which a r e  mounted by s t u d s  (39) on t h e  p l a t e  (37) a r e  
located i n  the lower extension of t h i s  s tand.  The base r i n g  (85) i s  p a r t  
of t h e  rocke t  housing and mates t o  a s tandard Tomahawk rocket .  Between 
t h i s  r i n g  and t h e  mass spectrometer i s  a n  i s o l a t i o n  p l a t e  (84) and i s o -  
l a t e d  b o l t s  a r e  used t o  a t t a c h  t h e  s t and  t o  the r ing .  This permits 
charging the  mass spectrometer s t r u c t u r e  t o  about -10 v o l t s  i n  regard t o  
t h e  s h e l l  of t he  rocket .  

The space between the pump housing and the p l a t e  (37) con ta ins  a 
1/2-inch valve which is r equ i r ed  t o  evacuate the  instrument before  the  
e l e c t r o s t a t i c  pump can be s t a r t e d .  A l a r g e  p a r t  of t h i s  space is  void 
and can be used f o r  o t h e r  equipment. There is  a l s o  space a v a i l a b l e  on 
the e l e c t r o n i c s  board (38). 
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2.1 Monopole Mass Analyzer (See Figures  1 and 2) 
1 

The b a s i c  dimensions of t h i s  instrument a r e  a s  follows: F i e l d  r ad ius  = 

Both aper-  
ro = 0.200 inch. 
( t h i s  i s  t h e  d i s t a n c e  between t h e  entrance and ex i t  ape r tu re s ) .  
t u r e s  a r e  0.062 inch i n  diameter and 0.062-inch long and a r e  centered on 
t h e  a x i s  of t h e  V-electrode. 
0.020 inch and i s  0.030-inch long. 

Rod diameter = 0.462 inch. F i e l d  length = 5.250 inches 

The a i r  sampling hole has  a diameter of 

The mass spectrometer is  mounted on four  rods(l8)which a r e  supported 
by t h e  r i n g s  (49) and (61). The r i n g  (49) f i t s  t i g h t l y  i n t o  a s t e p  i n  t h e  
instrument housing. 
The end-play is el iminated by two screws i n  the  r i n g  (49). 

The r i n g  (61) is held i n  place by the  Truarc r i n g  (62). 

Since t h e  ions  have t o  be a c c e l e r a t e d  between t h e  sampling o r i f i c e ( 5 4 )  
i n  t h e  housing of t h e  instrument and t h e  monopole f i l t e r  it is  necessary 
t h a t  the V-electrode i s  i n s u l a t e d  from t h e  housing. For t h i s  purpose 8 
ceramic tubes (20) have been s l ipped  over t h e  rods (18) and a r e  he ld  i n  
p l ace  by the  Truarc r i n g s  (19). 
sampling o r i f i c e  (54) and the  g r i d  (55) and dece le ra t ed  i n  t h e  focus elec- 
t rode  (56) and the entrance a p e r t u r e  (57). The V-electrode (17) c o n s i s t s  
of two b a r s  which a r e  bo l t ed  toge the r  and the  support ing end p l a t e s  which 
con ta in  the  entranceand ex i t  a p e r t u r e s  (57) and (63). The rod (16) is  
i n s u l a t e d  from t h e  V-electrode and from the end p l a t e s  by ceramic spacers  
and is  pressed a g a i n s t  t he  V-electrode by the  screws (23). 
a r e  i n s u l a t e d  by the  ceramic blocks (13). A c r o s s  s e c t i o n  of t he  analyzer  
s t r u c t u r e  i s  shown on t h e  l e f t  s i d e .  Attached t o  t h e  V-electrode (17) a r e  
two s h i e l d s  (15) which e l imina te  t h e  i n t e r f e r e n c e  of t he  RF f i e l d  with the 
electrometer . ,  The rod and the  V-electrode a r e  h e a v i l y  gold p l a t ed  t o  
reduce c o n t a c t  p o t e n t i a l s .  The beam is acce le ra t ed  between t h e  ex i t  aper-  
t u r e  (63) and t h e  f i r s t  dynode of the e l e c t r o n  m u l t i p l i e r  (64). The s h o r t  
tube i n  the  center of r i n g  (61) has  been provided t o  reduce the  p o s s i b i l i t y  
t h a t  s t r a y  ions  fromthe pump can e n t e r  t he  e l e c t r o n  m u l t i p l i e r .  
s h i e l d , n o t  shown i n  the  schematic drawing, has  been provided around the  
anode end of t he  e l e c t r o n  m u l t i p l i e r .  The s h i e l d  (25) i s  necessary t o  avoid 
i n t e r f e r e n c e  between the  RF voltage and t h e  electrometer  input .  

The ions  a r e  acce le ra t ed  between the  

These screws 

Another 

2.2 E l e c t r o s t a t i c  Ion Pump (See Figures  1 and 3) 
_ *  - -_ - - _  

The inner  pump s t r u c t u r e  i s  mounted on a t r i a n g u l a r  p l a t e  (69) which i s  
pressed a g a i n s t  t h e  Truarc r i n g  (68) by t h r e e  b o l t s  (67). In su la t ed  from t h i s  
p l a t e  by ceramic bushings (70) are f o u r  s t u d s  (71) which support  t h e  two f i l a -  
ments (74). The f i l amen t s  c o n s i s t  of 10 t u r n s  of 1 0 - m i l  diameter t h o r i a t e d  
tungs t en  w i r e  wound on a 1/16-inch diameter rod. The tungsten f i lament  i n  spo t -  
welded t o  n i c k e l  w i r e s  which are h e l i a r c  welded t o  t h e  threaded s tuds .  The f i l a -  
ments have t o  be w e l l  a l igned and be accu ra t e ly  placed i n  t h e  same plane as t h e  
two inne r  s tuds .  The anode c o n s i s t s  of t h e  tungsten rod (76) with t h e  
t i t a n i u m  s l e e v e  (75) which is  held i n  p l ace  by two tungsten sp r ings  (77). 
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The anode is  at tached with two screws (31) t o  the feedthrough connector 
which i s  in su la t ed  from t h e  p l a t e  (69) by t h e  ceramic tubings (72). The 
lower end of t h e  anode rod s l i d e s  i n  t h e  b a r  (80) which i s  a l s o  in su la t ed  
by ceramic tubings (81) from t h e  support  p l a t e  (79) which i s  a t  housing 
p o t e n t i a l .  This lower support  of t h e  anode has been added t o  improve t h e  
shock r e s i s t a n c e  of t h e  pump. The two grounded p l a t e s  (32) and (79) with 
t h e  tubes (33) are needed t o  o b t a i n  t h e  proper e l e c t r o s t a t i c  f i e l d .  P l a t e  (32) 
i s  at tached t o  p l a t e  (69) by fou r  s tuds  (30) and p l a t e  (79) i s  at tached t o  
p l a t e  (32) by fou r  s tuds .  

Since it i s  a n t i c i p a t e d  t h a t  t h e  anode s t r u c t u r e  w i l l  break when t h e  
rocket  i s  launched, a g r i d  (73) has been provided t o  prevent loose p a r t s  
from f a l l i n g  i n t o  t h e  mass spectrometer.  The s h i e l d  (29) has been added 
t o  prevent p o s i t i v e  ions as w e l l  as e l e c t r o n s  from migrat ing from t h e  pump 
i n t o  t h e  mass spectrometer.  This s h i e l d  i s  kept a t  anode p o t e n t i a l .  Not 
shown i n  t h e  f i g u r e  i s  a 1/2-inch u l t r a - h i g h  vacuum valve which i s  connected 
t o  t h e  pump and used f o r  rough evacuation of t h e  system. A second connector 
i s  used f o r  t h e  i o n i z a t i o n  gauge and a t h i r d  one is  no longer i n  use  and i s  
sealed o f f .  

2.3 Ion Source (See Figure 1) 

An ion source i s  unnecessary f o r  t h e  measurement of t h e  ambient i o n i c  
composition i n  the  D-region of t h e  atmosphere. However, f o r  t h e  laboratory 
checkout of t h e  instrument it is  convenient t o  inco rpora t e  a n  ion source.  For 
thPs purpose, a very s i m p l e  i on  source ha een provided. A rhenium f i lament  
(10-mil diameter h e l i c a l l y  wound with 3-1/2 t u r n s  on a 1/8-inch rod)  i s  s p o t -  
welded t o  t h e  feedthroughs (42) and (44). E lec t rons ,  emitted from t h i s  f i l a -  
ment, are acce le ra t ed  towards the  anode (43) i n  a x i a l  d i r e c t i o n .  These 
e l e c t r o n s  c o l l i d e  wi th  gas molecules which are ionized and acce le ra t ed  towards 
t h e  opening of t h e  mass spectrometer.  A small f r a c t i o n  of them can pass 
through t h e  entrance ho le  (54) which has a diameter of 0.020-inch and i s  
0.030-inch long. This s m a l l  a p e r t u r e  allows t h e  maintenance of a r a t h e r  
l a r g e  p re s su re  d i f f e r e n c e  between the  i o n i z a t i o n  chamber and t h e  analyzer .  
The 
ion 
t h e  
t h e  

conductance of t h e  ho le  i s  about 10 cm3/sec. 
source with t h e  g l a s s  type thermocouple gauge is about 60 cm . Therefore,  
t h e o r e t i c a l  t i m e  cons t an t  i s  6 seconds which i s  i n  good agreement with 
experiment. 

The t o t a l  volu e of t h e  9 

The housing of t h e  ion  source c o n s i s t s  of two standard u l t r a - h i g h  - 1 - 
vacuum f langes which are sealed with a copper gasket .  Between t h e  ion 
source and t h e  housing of t h e  m a s s  spectrometer i s  a V-shaped gold s e a l ( 4 1 )  
(Parker No. 8882-1002-00). The ion source is  pressed with the  release 
b o l t s  a g a i n s t  t h e  housing of t h e  m a s s  spectrometer.  Connected t o  the i o n  
source are a thermocouple gauge and a 1/4-inch u l t r a - h i g h  vacuum valve t o  
introduce gas f o r  c a l i b r a t i o n  purposes. 
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Figure 2 .  Inner structure of monopole analyzer. 
with the ceramic mounting blocks are v i s i b l e  in tHe center of the 
figure. 

The rod and V-electrodes 

The electron multiplier has been removed. 

9 



c 

5 
4 
3 
a 
P 
0 

10 



2.4 Cover Release Mechanism (See Figure 1) 

The following design o b j e c t i v e s  had t o  be m e t :  

(a) 

(b) The whole system s h a l l  be bakable. This excludes t h e  use of 

(c) 

(d) The cover r e l e a s e  s h a l l  be independent of the s p l i t  nose-cone 

(e) 

( f )  Loading of t h e  device with the explosive a c t u a t o r s  has t o  be 

The ion source s h a l l  be e a s i l y  demountable f o r  c l ean ing  and 
f i lament  replacement. 

rubber gaskets.  Metal gaskets  have t o  be used throughout. 

necessary t o  s e a l  metal  gaskets .  

e j e c t i o n .  

r e l e a s e  of t he  cover. 

The r e l e a s e  b o l t s  should be capable of providing t h e  l a r g e  f o r c e  

Vibrat ion of t he  instrument s h a l l  n o t  cause any a c c i d e n t a l  

performed a f t e r  the bakeout. 

These o b j e c t i v e s  have been m e t  by the  fol lowing design: The top 
p l a t e  (5) i s  clamped a g a i n s t  t he  r i n g  (10) by two r e l e a s e  b o l t s .  The 
r e l e a s e  b o l t  on t h e  main drawing is shown i n  the  locked pos i t i on .  The 
one on t h e  very l e f t  s i d e  i n  the r e l eased  p o s i t i o n .  These b o l t s  c o n s i s t  
of a p i s t o n  (8) and a cy l inde r (4 ) .  The p i s t o n  s l i d e s  i n  a x i a l  d i r e c t i o n  
and i s  prevented from tu rn ing  by t h e  p i n  (9). The ho le  through the  lower 
p a r t  of t he  p i s t o n  and cy l inde r  con ta ins  4 b a l l s  (12) which extend beyond 
the  c y l i n d e r ,  thus preventing t h e  cy l inde r  from s l i p p i n g  through the 
washer (11). The block (3) rests a g a i n s t  a n  extension of t h e  cy l inde r  
and prevents t he  s p r i n g  (7)  from pushing t h e  cy l inde r  down. Each of t h e  
two r e l e a s e  b o l t s  i s  a t t ached  t o  the  main p l a t e  (5) by means of two screws 
which p res s  t h e  p l a t e  ( 6 )  upward. The block (3) i s  r o t a b l e  around the  
pis ton.  This r o t a t i o n  i s  accomplished by two explosive a c t u a t o r s  (2) 
(Atlas Model 1MT 114) which a r e  held i n  place by t h e  terminal  board (1). 
The four  explosive a c t u a t o r s  (two f o r  each b o l t )  have t o  be connected 
i n  p a r a l l e l .  If t he  explosive a c t u a t o r s  have been f i r e d ,  a s  it i s  shown 
on the  l e f t  s i d e  of t h e  drawing, t h e  block (3) is  turned and f a l l s  i n t o  
a recess of t h e  cy l inde r  (4). The s p r i n g  (7) pushes the  p i s t o n  downward. 
The inner  b a l l s  r o l l  a g a i n s t  t h e  o u t e r  b a l l s  and t h e  ou te r  b a l l s  f a l l  
i n t o  a recess of t he  pis ton.  This r e l e a s e s  the  b o l t  from t h e  washer(l1). 
The two sp r ings  (50) e ject  t h e  whole cover above the  i n t e r f a c e  ( 5 3 ) .  

During t h e  tests,  one explosive a c t u a t o r  was s u f f i c i e n t  t o  r e l e a s e  
the  b o l t s .  However, two have been provided i n  o rde r  t o  inc rease  the  
r e l i a b i l i t y .  It has been found t h a t  t he  alignment of t he  4 b a l l s  (12) i s  
r a t h e r  c r f t i c a l .  I f  t he  p i s t o n  i n  t h e  locked p o s i t i o n  is too low, the  
f r i c t i o n  between the  block (3) and t h e  cy l inde r  (4) i s  too l a r g e  and the  
explosive a c t u a t o r s  may no t  be powerful enough t o  t u r n  it. I f  t he  p i s t o n  
i s  too high,  t h e  block (3) is  l i f t e d  up from the  cy l inde r  (4) and tu rn ing  
becomes q u i t e  easy. I n  t h i s  case t h e  s p r i n g  (7) is n o t  powerful enough t o  
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push t h e  p i s t o n  down. The block (3) s h a l l  have considerable  f r i c t i o n ,  
b u t  s t i l l  be tu rnab le  by hand o r  with the  a i d  of a screwdriver.  , B e  
c a r e f u l  when t e s t i n g  t h i s ,  because excessive tu rn ing  may r e l e a s e  the 
b o l t  and break the  vacuum! Since c a r e f u l  adjustments have been per- 
formed during the  extensive tests of t h i s  device,  i t  i s  no t  expected 
t h a t  f u r t h e r  adjustment w i l l  be necessary.  

2.5 Gauges 
~ ~~ - 

~ 

According t o  the  c o n t r a c t  requirements,  one g l a s s  Bayard A l p e r t  gauge and 
and one g l a s s  thermocouple gauge (Hastings-Raydist Model DV-20) have been sup- 
p l i e d .  
Model No .  954-0059. 

Both gauges are f i t t e d  w i t h  t h e  Varian-type u l t r a - h i g h  vacuum couplings,  
~- ~ - ___ _ _ ~  _____  

Since i t  is undesirable  t o  use g l a s s  gauges f o r  f l i g h t  hardware, 
a n  at tempt  has  been made t o  provide metal  gauges. The inner  s t r u c t u r e  
of a s tandard thermocouple gauge (Hastings-Raydist Model DV-6M) has been 
i n s t a l l e d  i n  a bakable metal  housing. This gauge worked w e l l ,  b u t  the 
d e l i c a t e  f i l amen t s  d id  no t  survive the  v i b r a t i o n  test .  Nevertheless,  it 
would s t i l l  be b e t t e r  s u i t a b l e  f o r  t he  f l i g h t  instrument s i n c e  t h i s  gauge 
i s> .only  used f o r  t e s t i n g  and n o t  during the f l i g h t .  It would permit 
checking the vacuum r i g h t  up t o  launch t i m e  and has t h e  g r e a t  advantage 
t h a t  i t  does no t  have t o  be removed before  launch. The g l a s s  type thermo- 
couple gauge is now a t t ached  t o  the  ion  source. Since i t  may break o f f ,  
i t  has  t o  be removed Gefore launch of t he  instrument.  A good g l a s s  blower 
w i l l  be a b l e  t o  p u l l  o f f  t h e  gauge without admit t ing a i r  t o  t he  system. 

E a r l i e r  experiments with a "thermistor" type vacuum gauge, (General 
E l e c t r i c  Model 22GT300) were n o t  s a t i s f a c t o r y  because even t h e  moderate 
h e a t  from the  ion source f i lament  has  caused a n  excessive zero d r i f t .  
Since any pumping a c t i o n  i s  undesirable  during t h e  t e s t i n g  of t h e  i n s t r u -  
ment, it is no t  poss ib l e  t o  use a Penning type gauge o r  a small  appendage 
ion pump. 
b u i l t  f o r  t h i s  purpose. 

The b e s t  choice i s  a P i r a n i  type gauge which could be e s p e c i a l l y  

An i o n i z a t i o n  gauge has a l s o  been b u i l t  and i s  s t i l l  a t t ached  t o  the  
instrument.  This gauge i s  of extremely simple construct ion.  It c o n s i s t s  
of t h r e e  i d e n t i c a l  f i l amen t s  each of which can be used e i t h e r  a s  e l e c t r o n  
emit ter  o r  a s  i on  c o l l e c t o r  o r  a n  e l e c t r o n  c o l l e c t o r .  Even i f  one o r  two 
f i l amen t s  have burned o u t ,  they can s t i l l  be used a s  i o n  and e l e c t r o n  
c o l l e c t o r  with p r a c t i c a l l y  no change of s e n s i t i v i t y .  Or ig ina l ly  t h i s  
gauge warked very w e l l .  It has been roughly c a l i b r a t e d  by comparison with 
a s tandard Bayard Alpe r t  gauge. The ion c u r r e n t  i s  approximately 
ampere * a t  a p res su re  of 10-6 t o r r  f o r  10-14-ampere emission cu r ren t .  

I f  t h e  falament c u r r e n t  i s  k e p t  cons t an t ,  t h e  e l e c t r o n  emission 
c u r r e n t  decreases  with inc reas ing  pressure.  In o rde r  t o  avoid the  need 
f o r  manual r e g u l a t i o n ,  a simple emission r e g u l a t o r  (see Figure 4 )  has 
been b u i l t  and suppl ied with the  instrument.  During t h e  f i r s t  tests of 
t h e  gauge, t he  f i lament  was heated by a c  cu r ren t .  However, it was found 
t h a t  t he  h e a t  capac i ty  of t he  t h i n  f i l amen t  i s  so small t h a t  t he  e l e c t r o n  
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emission c u r r e n t  was s t r o n g l y  modulated with 120 cyc le s  per second. 
modulation had a de t r imen ta l  e f f e c t  on t h e  emission r egu la t ion .  .Therefore ,  
dc c u r r e n t  i s  now used t o  h e a t  the f i lament .  

This 

Unfortunately,  during the  evacuat ion of t he  instrument a n  acc iden t  
The motor of the f o r e  pump burned ou t  and a i r  rushed through occurred. 

the d i f f u s i o n  pump i n t o  the  system, thus contaminating t h e  e n t i r e  i n s t r u -  
ment with o i l  vapor. A t  t h i s  occasion, one of t he  t h r e e  f i l amen t s  of 
t h e  gauge burned out .  The gauge has  been washed with acetone and s t i l l  
performed w e l l  wi th  t h e  remaining e l ec t rodes .  However, a f t e r  t he  follow- 
ing  high temperature bakeout, a l a r g e  leakage c u r r e n t  developed between 
the  ion c o l l e c t o r  and t h e  housing, a s  w e l l  a s  between the  electEon c o l l e c -  
tor agd t h e  housing. Probably remaining hydrocarbons have been decomposed 
during the  bakeout and have fosmed a conductive carbon l aye r  on the  in -  
s u l a t o r s .  The gauge i s  s t i l l  usable ,  i f  t h e  leakage c u r r e n t s  a r e  subtrac-  
t ed  from the  t o t a l  c u r r e n t s .  Therefore,  t he  gauge has  been l e f t  on the  
system. 

The gzass  type Bayard Alpe r t  gauge, which has  been suppl ied a s  a 
spare  p a r t ,  can only be used f o r  l abora to ry  t e s t i n g ,  s i n c e  it w i l l  no t  
survive the  rocke t  launch. It wauld be r a t h e r  d i f f i c u l t  t o  p u l l  o f f  and 
s e a l  t he  3/4-inch g l a s s  tube without  admit t ing a i r  i n t o  the  system, 
Therefore the  use of a metal  gauge i s  e s s e n t i a l  f o r  t h e  r e l i a b l e  opera- 
t i o n  of t h e  instrument and the  replacement of t h e  p re sen t  gauge with a 
new gauge of t he  same type i s  h igh ly  recommended. 
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3. ELECTRONICS FOR MONOPOLE MASS SPECTROMETER 

The e l e c t r o n i c  c i r c u i t s  f o r  t he  D region mass spectrometer can be 

3.1 Sweep generator  

3.2 RF supply 

3.3 High vol tage supply 

3.4 Grid and focus supply 

3.5 Electrometer ampl i f i e r  

3.6 Low vol tage supply 

subdivided i n  the  following major f u n c t i o n a l  blocks: 

The c i r c u i t  elements a r e  mounted on two 6-inch round boards and i n  four  
a i r - t i g h t  enclosures .  The a i r - t i g h t  enclosures  are designed t o  r e t a i n  
normal atmospheric pressure during f l i g h t ,  thus preventing arc-over of t he  
high vol tage connection a t  reduced atmosphere pressure.  The d e s c r i p t i o n  
is  based on the  e l e c t r o n i c  c i r c u i t  diagram, Figure 5. 

The spectrometer r equ i r e s  a power source of p lus  and minus 28V a g a i n s t  
instrument housing. The vol tages  a r e  suppl ied through A2J1. 

USE EXTREME CARE I N  MAKING THESE CONNECTION. THE WRONG 
POLARITY I N  EITHER ONE OF THESE CONNECTIONS WILL RESULT 
I N  COMPLETE DAMAGE OF THE ELECTRONIC UNITS! 

The instrument can be turned o f f  and on by means of t he  power supply switches 
o r  by disconnecting A2J1. While e i t h e r  vol tage can be turned on f i r s t  i t  is  
no t  advisable  t o  leave only one vol tage connected f o r  any extended period of 
t i m e  . 

The t o t a l  power consumption of the instrument a t  the extended mass 
range i s  f o r  t he  

+ 28 v o l t s  supply: 230 mill iamperes o r  6.5 wat t  
- 28 v o l t s  supply: 32 mill iamperes o r  0.9 wat t  

t o t a l  7.4 wat t  

The power consumption is q u i t e  reasonable f o r  t h i s  rocket-borne 
instrument which has t o  be operated f o r  only a few minutes. For a s a t e l -  
l i t e  instrument i t  would be poss ib l e  t o  reduce t h e  power consumption con- 
s i d e r a b l y ,  e s p e c i a l l y  i f  t he  extended mass range i s  not  needed. 

The vol tage which has  t o  be suppl ied t o  the rod of t he  monopole f i l t e r  
a g a i n s t  t he  V-electrode c o n s i s t s  of a superimposed a c  and a negat ive dc 
voltage.  During the  r e g u l a r  scan f o r  t he  low mass range, t he  dc vol tage 
is  p ropor t iona l  t o  the  a c  vol tage and der ived by r e c t i f i c a t i o n  of a f r a c -  
t i o n  of t he  a c  vol tage.  For the extended mass range, t he  a c  vol tage i s  
kep t  cons t an t  and the  dc vol tage reduced by discharging a capac i to r .  The 
waveforms of t hese  vo l t ages  together  with the  vol tages  of o t h e r  test  po in t s  
a r e  shown i n  Figure 6. 
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An a d d i t i o n a l  dc vol tage of -13.3 v o l t s  is supp l i ed  t o  the  V-electrode 
a g a i n s t  t h e  housing. 
monopole f i l t e r .  The a c t u a l  i on  energy is s l i g h t l y  higher  by the  i n i t i a l  
energy of t he  ions i n  t h e  entrance ape r tu re .  However, due t o  the high 
pressure i n  t h e  shock wave i n  f r o n t  of t he  instrument,  most of t he  energy 
of t h e  ambient ions,  which o r i g i n a t e d  from t h e  speed of t h e  rocke t  and from 
the  p o t e n t i a l  d i f f e r e n c e  between rocke t  s k i n  and entrance a p e r t u r e ,  w i l l  be 
l o s t  i n  m u l t i p l e  c o l l i s i o n s .  
t he  i n i t i a l  i on  energy might become no t i ceab le  i n  a s l i g h t  i nc rease  of 
s e n s i t i v i t y  and decrease of r e so lu t ion .  

This vol tage i s  e s s e n t i a l l y  the  ion energy i n  the  

Only a t  t he  h i g h e s t  a l t i t u d e  of t he  D-region 

3.1 Sweep Generator (See upper l e f t  h a l f  of Figure 5 
and r i g h t  h a l f  of Figure 7)  

The a m p l i f i e r s  AR1, AR3, and 43 generate  t h e  c o n t r o l  vo l t ages  f o r  t he  
RF modulator and ampl i f i e r .  AR1 i s  a l i n e a r  ramp generator .  The s lope  of 
the ramp depends on t h e  s i z e  of t he  1-microfarad c a p a c i t o r ,  t he  1.8M inpu t  
r e s i s t o r  and on the +15'vol t  app l i ed  vol tage.  
t he  AR1 output  reaches -10 v o l t s  i n  1.4 seconds s t a r t i n g  from zero v o l t .  
The vol tage comparator AR2 compares the generated ramp vol tage with a 
-10 v o l t  r e f e rence  voltage.  When t h e  two vol tages  become equal, t h e  com- 
pa ra to r  switches s t a t e  and ene rg izes  the  r e l a y  K 1  thereby applying the  
f ixed  -10 v o l t s  t o  t h e  RF c o n t r o l  a m p l i f i e r  AR3. From t h i s  moment on, 
t he  a c  vol tage i s  kep t  cons t an t  and the  extended mass range is s t a r t e d .  
A t  t he  same t i m e  a second con tac t  of r e l a y  K 1  opens, thereby removing 
the  supply of t he  dc vol tage t o  t h e  bottom of t h e  c o i l  L2. The 0.02 micro- 
f a rad  capac i to r  between t h i s  po in t  and ground i s  discharged through t h e  
8.2-megohm res i s to r (wh ich  is  connected t o  +28 v o l t s )  i n  order  t o  remove 
the  negat ive charge completely i n  about h a l f  a second. This produces the  
s lope  of the dc vol tage a s  shown i n  t h e  second l i n e  of Figure 6 .  

With t h e  p re sen t  values ,  

A t  t he  same time t h a t  r e l a y  K 1  i s  energized, a t iming c i r c u i t  i s  
s t a r t e d  which c o n t r o l s  t h e  length of t i m e  (0.7 second) a l l o c a t e d  f o r  t h e  
scanning of t h e  extended mass range. The un i junc t ion  delay c i r c u i t  con- 
sists of t he  t r a n s i s t o r  Q8 and the  2.2-megohm r e s i s t o r  with the 1-micrafarad 
capac i to r  which values  determine t h e  delay t i m e .  

Af t e r  0.7 seconds t h e  un i junc t ion  f i r e s  and a p p l i e s  a t r i g g e r  vol tage 
t o  AR5 which is  connected a s  a one s h o t  m u l t i v i b r a t o r  of approximately 
10 mil l iseconds durat ion.  AR5 switches from +15 t o  -15 vo l t s .  This 
10-mill isecond pulse  i s  app l i ed  t o  Q1 which discharges the AR1 feedback 
capac i to r ,  thus s t a r t i n g  a new sweep cycle .  
is smaller than 10 v o l t s ,  t h e  vo l t age  comparator de-energizes r e l a y  K1,  
thus  reconnecting the  sweep vol tage t o  the c o n t r o l  ampl i f i e r  AR3. This 
10-millisecond pulse  i s  a l s o  introduced d i r e c t l y  t o  t h e  c o n t r o l  ampl i f i e r  
AR3 t o  i n t e r r u p t  t he  RF vol tage and t o  a l low enough t i m e  f o r  t he  r e c t i f i e r  
f i l t e r s  t o  discharge be fo re  t h e  s t a r t  of t h e  next  cycle .  

Since now the  sweep vol tage 
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Figure 7. Sweep generator board. 
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3.2 RF Supply (See r i g h t  upper h a l f  of Figure 5 and 
l e f t  h a l f  of Figure 7 and Figure 8) 

Q4 i s  a c r y s t a l  con t ro l l ed  1.8-megacycle o s c i l l a t o r  i n  which the  
c r y s t a l  ope ra t e s  i n  the  p a r a l l e l  mode. The c o l l e c t o r ' s  RF vo l t age ,  
stepped down f o r  impedance matching, i s  app l i ed  t o  a n  i s o l a t i o n  ampl i f i e r  
Q5 followed by a n  emitter follower Q6. 47 is  t h e  f i n a l  RF ampl i f i e r .  Both 
Q5 and 47 alre modulated by the  c o n t r o l  a m p l i f i e r s  43 and AR1. The RF c o i l  
i s  loca ted  i n  a n  a i r t i g h t  enclosure and i s  l i n k  coupled t o  the  c o l l e c t o r  
of 47. 
doubler RF diodes.  One of t he  r e c t i f i e r s  supp l i e s  t he  negat ive dc vol tage 
p ropor t iona l  t o  the  RF vol tage which i s  required t o  ope ra t e  the  monopole 
mass spectrometer.  The o the r  r e c t i f i e r  supp l i e s  a p o s i t i v e  dc vol tage 
used i n  a feedback loop f o r  t he  r e g u l a t i n g  ampl i f i e r .  The ope ra t ion  is  a s  
f 01 lows : 

A po r t ion  of t he  RF vol tage is r e c t i f i e d  by two sets of vol tage 

The summing junc t ion  of t h e  ope ra t iona l  a m p l i f i e r  AR3 receives the  
ramp vol tage through the  130 K r e s i s t o r  and a l s o  a sample of t h e  r e c t i f i e d  
RF vol tage through the  470 K r e s i s t o r .  The output  of t he  a m p l i f i e r  by 
means of 43 modulates t he  RF a m p l i f i e r  47 so  t h a t  t he  vol tage a t  the inpu t  
of A R 3  i s  always c l o s e  t o  zero,  r e s u l t i n g  i n  an RF vol tage proport ional  t o  
the  ramp vol tage.  

This provides a n  amplitude s w e p t  RF vol tage between about 1 and 56OVPP 
with very good l i n e a r i t y  and s t a b i l i t y .  
imately 9OOVPP thus providing more than ample resenve f o r  t he  r egu la to r .  

The unregulated RF output  i s  approx- 

RF Tuning. - The tuning of t he  RF output  c i r c u i t  i s  no t  c r i t i c a l  and 
should no t  be necessary un le s s  t he  instrument was completely disassembled. 
Small detuning has  no e f f e c t  on the  mass spec t r a  a s  long a s  the  r egu la to r  
i s  operat ing.  Large detuning w i l l  reduce the  mass range and change the  
mass sca l e .  This i s  the r e s u l t  of a change of t h e  dc/ac vol tage r a t i o  
caused by the  appearance of harmonics. 

The RF tuning capac i to r  i s  a c c e s s i b l e  through a screw ho le  on the  
cover of t he  RF enclosure.  A t e s t  po in t  f o r  o sc i l l o scope  monitoring is on 
the  r i g h t  s i d e  of t he  enclosure and when used with a X10 probe (10PF) w i l l  
g ive 1/20 of t h e  RF vol tage a t  the c o i l .  

(a) To tune the RF c o i l  connect t h e  osc i l l o scope  t o  t h e  RF t e s t  po in t  
on the s i d e  of t h e  RF enclosure.  The osc i l l o scope  probe does n o t  load t h e  
RF c i r c u i t  and can be connected t o  t h e  t es t  p o i n t  any t i m e  i t  i s  required.  

Disable t h e  feedback c i r c u i t  and sweep by grounding p ins  1 and 6 
of A1J2 ( tes t  plug).  A tuning t e s t  plug i s  wired f o r  t h i s  purpose and can 
be i n s e r t e d  i n  the test  connector. 

(b) 

(c) Using a small i n s u l a t e d  screw d r i v e r  tune t h e  RF c o i l  f o r  maximum 
osc i l l o scope  output.  The screw d r i v e r  can be i n s u l a t e d  by a pieee of t e f l o n  
s p a g h e t t i  s l i pped  over t he  blade.  I f  t he  screw d r i v e r  blade touches the  RF 
enclosure and the  tuning capac i to r  t he  RF r e c t i f i e r  diodes may be damaged! 
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RF TUNING 

R2 V ELECTRODE 

Figure 8 .  RF c o i l  enclosure. 
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3.3 High Voltage Supply (See Figure 9) 

The high vol tage supply used f o r  t h e  m u l t i p l i e r  i s  an EMR 640E mOduLe, 
capable of producing a r egu la t ed  ou tpu t  between 1500 and 3500 v o l t s  a t  
240 microamperes. The m u l t i p l i e r  i s  normally operated a t  approTimately 
2500 v o l t s .  
located on the  low vol tage board. 

The high vol tage can be ad jus t ed  by means of a 100.K pot 

A f r a c t i o n  of t he  vol tage (1/100) i s  brought o u t  of t he  a i r t i g h t  
enclosure through p i n  5 f o r  monitoring purposes, 

3.4 Grid and Focus Supply (See Figure 10) 

This supply i s  a TEC module No. 5570114 unregulated supply giving 
an output  of 400 v o l t s  a t  0.75milli-ampere. 
t he  enclosure f o r  t he  vol tage adjustments of t he  g r i d  and focus e l ec t rodes .  
Normal vol tages  a r e  -162 v o l t s  f o r  the g r i d  and -250 v o l t s  f o r  t h e  focus. 

Two po t s  a r e  loca t ed  w i t h i n  

3.5 Electrometer (See Figure 11) 

The electrometer  a m p l i f i e r  c o n s i s t s  of a Nexus FET-1 ope ra t iona l  
a m p l i f i e r  module AR4 with a log-diode feedback element. 
ga in  (20000)high inpu t  impedance (10" ohm) am l i f i e r .  
path c o n s i s t s  of t he  log diode shunted by a lo8 ohm r e s i s t o r .  
diode i s  a s p e c i a l  product of TRW, Inc. This diode has  a dynamic range 
from ampere and a n  output  from 5 m i l l i v o l t s  t o  530 

-3 percent  per  Co. The a m p l i f i e r  feedback i s  reduced by a f a c t o r  of 0.058. 
This f a c t o r  i s  made dependent on t h e  temperature t o  compensate f o r  t h e  t e m -  
p e r a t u r e  c o e f f i c i e n t  of t h e  diode. 
been incorporated which has a temperature c o e f f i c i e n t  of -4 percent  p e r  Co. 

AR4 i s  a high 

The log 
The main feedback 

ampere t o  
m i l l i v o l t s ;  V = 68 mV x (11 - l og  i) with a temperature c o e f f i c i e n t  of - ___- 

For t h i s  purpose, t h e  2 K t he rmis to r  has 

The f i n a l  output  vol tage U i s  reduced by t h e  4.7 - 18 - 18K r e s i s t o r  
Therefore,  t h e  t o t a l  vol tage ga in  i s  chain t o  0.88 of t he  ou tpu t  of AR4. 

0.88/0.058 = 15. The c u r r e n t  s c a l e  i s  given by 

U -8 -11 
15 i = - x 10 +  IO-("-^) - 10 amperes 

which has  been found t o  be i n  good agreement with the  c a l i b r a t i o n  (see 
Figure 18). I f  U i s  smaller  than 1 v o l t  the second t e r m  i s  small compared 
t o  the f i r s t  one and the  s c a l e  is e s s e n t i a l l y  l i n e a r .  If  U i s  l a r g e r  than 
4 v o l t s ,  t he  f i r s t  t e r m  i s  small compared t o t h e  second one and t h e  s c a l e  
i s  e s s e n t i a l l y  logarithmic.  The advantage of t h i s  s c a l e  i s  t h a t  i t  has  
enough s e n s i t i v i t y  t o  see even s i n g l e  ions with a t i m e  cons t an t  s h o r t  
enough t o  permit f a s t  scan. The middle p a r t  of t he  i n t e n s i t y  s c a l e  i s  ex- 
panded and permits a more accu ra t e  measurement of those peaks which a r e  
most l i k e l y  t o  be expected. 
they w i l l  s t a y  "on s c a l e "  and can be measured on the  compressed logari thmic 
p a r t  of t he  i n t e n s i t y  s c a l e .  

I f  t h e r e  a r e  occas iona l ly  very l a r g e  peaks, 
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4 APERTURE 

Figure 9. HV enc losure  A 3 .  
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ure 10. Grid and focus supply A 6 .  
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Figure  11. Electrometer A4,  
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A p o s i t i v e  pulse  i s  superimposed on the  electrometer  output  t o  mark 

Both pulses  
the  s t a r t  of each scan cycle.  
provided t o  mark the  s t a r t  of t he  extended mass range scan. 
a r e  obtained by c a p a c i t i v e  coupling from t h e  r e l a y  c o i l  vol tage.  

A second pulse  of negat ive p o l a r i t y  bs 

3.6  Low Voltage Supply (See Figure 12) 

Two Technipower CMP-15 r e g u l a t o r  modules a r e  used t o  supply the  p lus  
and minus 15 v o l t s  needed f o r  t h e  ope ra t iona l  ampl i f i e r s .  These vol tages  
a r e  der ived from the  128 volts primary inpu t  power. 
mounted on one of t he  6-inch c i r c u l a r  boards. On t h i s  same board is  the  
potentiometer f o r  t he  adjustment of t he  high vol tage f o r  the e l e c t r o n  
m u l t i p l i e r  and a c o n t r o l  r e l a y  which can be used t o  t u r n  o f f  t he  high 
vol tage supply. 

These modules a r e  

There i s  a l s o  the  te lemetry s u b c a r r i e r  o s c i l l a t o r  (Vector model MMO-11) 
f o r  t he  IRIG band 2 1  with the cen te r  frequency 165 k i l o c y c l e s  and a n  i n t e l -  
l igence bandwidth of 2475 cyc le s  a t  a modulation index of f i v e .  
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Figure 12. Low voltage supply board A2. 
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4 .  OPERATION INSTRUCTIONS FOR TKE INSTRUMENT 
I N  THE LABORATORY 

4.1 Pump -Down Procedure 

The pump-down procedure i s  q u i t e  s i m p l e  i f  t h e  instrument was a l ready  
i n  opera t ion  and had not  been exposed t o  a i r  a t  high pressure.  A much more 
complicated and t i m e  consuming procedure i s  necessary i f  t h e  instrument w a s  
open and e s p e c i a l l y  i f  t h e  f i laments  o r  t h e  anode have been replaced.  

I f  t h e  e l e c t r o s t a t i c  ion pump was i n  opera t ion  f o r  some t i m e  an a c t i v e  
t i t an ium l aye r  has been deposi ted on t h e  wa l l  of t h e  pump. This layer  is  
adequate t o  keep t h e  pressure  i n  t h e  system w e l l  below t h e  10-7 range, 
even a f t e r  s to rage  of t h e  instrument f o r  about a month. The gas which i s  
re leased  c o n s i s t s  mainly of argon and can be pumped away wi th in  a few seconds 
a f t e r  t he  pump has been switched on. It i s  a l s o  necessary t o  switch on the  
pump i f ,  dur ing t h e  t e s t i n g ,  a l a rge  amount of gas was introduced i n t o  t h e  
instrument and t h e  p re s su re  went up i n t o  t h e  micron range. Before the  pump 
i s  switched on, t h e  pressure  must be checked. I f  t h e  pressure  i s  higher  than 
about 10 microns (measured with the  thermocouple gauge a t tached  t o  t h e  ion 
source) ,  it is  advisable  t o  connect t h e  instrument t o  a d i f f u s i o n  pump system. 
I f  t he  pressure  i s  lower, t he  b u i l t - i n  e l e c t r o s t a t i c  i o n  pump w i l l  e a s i l y  
handle t h e  load. The ion iza t ion  gauge can be switched on i f  t h e  pressure  
i s  lower than about a micron. The necessary connections have been des-  
c r ibed  i n  Sect ion 2.5. The e l e c t r o s t a t i c  ion pump should be operated with 
a s tandard power supply f o r  an NRC Orb Ion  Pump s i n c e  t h i s  power supply 
conta ins  an emission r egu la to r .  The fol lowing connections have t o  be made: 
The cen te r  p in  of t h e  NRC power supply cable  has t o  be connected with t h e  
high vol tage  cable  t o  t h e  anode of t he  e l e c t r o s t a t i c  i o n  pump. Pin No. 6 
has t o  be connected t o  t he  pump housing. P in  No. 3 t o  t h e  f i lament  common, 
which i s  t h e  cen te r  feedthrough. P5n No. 2 t o  the o the r  end of e i t h e r  one 
of t h e  two f i laments  which i s  one of t h e  two o ther  feedthroughs.  P in  No. 1 
has t o  be connected with p in  No. 5 i n  order  t o  a c t i v a t e  t h e  high vol tage  
power supply.  A blower has t o  be placed beside t h e  instrument t o  blow a i r  
i n t o  t h e  l a rge  hole  i n t h e  s h e l l  through which t h e  f i lament  feedthroughs 
are v i s i b l e .  This  provides adequate cool ing  f o r  t h e  pump. The power sup- 
p ly  i s  ad jus ted  a s  foldows : b ias  maximum, emission maximum, f i lament  on, 
f i l ament  p a r a l l e l ,  high vol tage zero.  
high vol tage  can be switched on and slowly r a i sed  u n t i l  t he  f i r s t  s i g n  of 
an  emission c u r r e n t  occurs .  
Observation of t h e  i o n i z a t i o n  gauge ind ica t e s  t h a t  no outgassing occurs and 
t h e  pressure  drops down rap id ly .  
5 m i l l i a m p e r e s  i s  s u f f i c i e n t  t o  reduce t h e  pressure  from 10-4 t o  t o r r .  
However, i f  g e t t e r  pumping with t h e  switched off  pump is  intended, it i s  
necessary t o  opera te  t h e  pump a t  normal power f o r  a few hours.  For t h i s  
purpose, t h e  high vol tage  i s  r a i sed  gradual ly  u n t i l  an emission cu r ren t  
of approximately 20 mill iamperes is obtained.  I f  t h i s  occurs a t  a vol tage  
smaller than 11 k i l o v o l t s ,  t he  emission c o n t r o l  s e t t i n g  has t o  be reduced 
which permits  an inc rease  of t he  high vol tage.  Maximum opera t ing  condi t ions  

Then t h e  main power and a l s o  t h e  

This w i l l  happen a t  approximately 4000 v o l t s .  

Pumping a few seconds with only about 
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f o r  t h i s  s m a l l  pump are 11 k i l o v o l t s  and 2 0  mill iamperes.  F u l l  power 
ope ra t ion  i s  seldom necessary.  About 10 k i l o v o l t s  and 15 m i l l i a m p e r e s  
are s u f f i c i e n t  f o r  r o u t i n e  operat ion;  t h i s  r e s u l t s  i n  an extended pump 
l i f e t i m e  . 

I f  t h e  i n t e r i o r  of t h e  instrument w a s  exposed t o  a i r  a t  atmospheric 
pressure t h e  pump-down procedure i s  more t i m e  consuming. F i r s t  t h e  i n s t r u -  
ment has t o  be evacuated with a d i f f u s i o n  pump system. For t h i s  purpose, 
i t  i s  convenient t o  use a s tandard Veeco leak d e t e c t o r  which permits quick 
e l imina t ion  of any l eak  which might occur a t  the  u l t r a - h i g h  vacuum f l ange  
i f  t h e  b o l t s  have been i n s u f f i c i e n t l y  t i gh tened .  Due t o  t h e  s m a l l  diameter 
(1/2 inch)  of t h e  roughing-out valve,  it w i l l  take a few hours t o  b r i n g  t h e  
p re s su re  down below t h e  micron range. 
bakeout of t h e  system can be s t a r t e d .  Th i s  can e a s i l y  be done with a 
h e a t i n g  tape,  i f  t h e  instrument i s  removed from t h e  e x t e r n a l  s h e l l  and 

I n  t h i s  p re s su re  range, a moderate 

nted on t h e  temporary support  s t and .  Only t h e  pump s e c t i o n  below t h e  
ter f l a n g e  has t o  be baked. Slowly inc rease  t h e  temperature during an 
our period t o  a f i n a l  temperature of about 300OC. This procedure p re -  
t s  excessive hea t  i n  t h e  upper p a r t  of t h e  instrument t h a t  would neces- 
a te  removal of t h e  e l e c t r o n i c  packages. High'temperature bakeout of 
whole instrument (less t h e  e l e c t r o n i c  packages) i s  not necessary f o r  

th/e intended a p p l i c a t i o n .  
ini terfere  with t h e  d e t e c t i o n  of ambient ions.  
t d  be w e l l  outgassed t o  improve t h e  adhesion of t h e  t i t an ium l aye r .  

A s m a l l  amount of background gases does no t  
Only t h e  pump w a l l s  have 

S ta r t  t h e  outgassing of t h e  pump f i laments  as soon as a p res su re  of 
approximately t o r r  has been reached. This should be done during 
t h e  period when t h e  pump housing i s  s t i l l  ho t .  A very l a r g e  amount of 
gas i s  r e l eased  i f  new f i laments  have been i n s t a l l e d .  The f i lament  c u r -  
r e n t  s h a l l  be increased gradual ly  over a period of s e v e r a l  hours up t o  a 
maximum value of approximately 5 amperes. New t h o r i a t e d  tungsten f i l a -  
ments have t o  be conditioned t o  produce enough emission c u r r e n t .  Since 
t h e  NRC power supply does not provide s u f f i c i e n t  c u r r e n t  f o r  t h i s  condi- 
t i o n i n g  process,  a s e p a r a t e  t ransformer has t o  be used;  it should supply 
a maximum of 6.5 v o l t s  and 6 amperes, regulated by a Variac. A 300-volt 
b a t t e r y  wi th  a mill iampere meter is connected between t h e  f i lament  and 
t h e  anode o r  between t h e  f i lament  and t h e  housing. The f i lament  c u r r e n t  
i s  increased very slowly u n t i l  a s m a l l  emission of approximately 1 m i l l i -  
ampere appears.  This s m a l l  e l e c t r o n  c u r r e n t  releases a l a r g e  amount of 
gas from t h e  anode and a rapid p re s su re  r ise  i s  observed. It may be 
necessary t o  i n t e r r u p t  t h e  outgassing several t i m e s  t o  keep t h e  p re s su re  
below 10-4 t o r r .  A f t e r  s e v e r a l  hours i t  i s  p o s s i b l e  to i nc rease  t h e  
emission c u r r e n t  t o  approximately 10 mill iamperes with 300-volt anode 
p o t e n t i a l  and with t h e  pump housing s t i l l  ho t .  The rea f t e r ,  t h e  f i l amen t  
c u r r e n t  can be reduced t o  approximately 4 amperes and a n  emission c u r r e n t  
of 10 mill iamperes can s t i l l  be maintained. The same procedure is  pe r -  
formed wi th  t h e  second f i lament .  The rea f t e r ,  t h e  h e a t i n g  t a p e  i s  discon- 
nected and t h e  instrument i s  allowed t o  slowly coo l  down. A f t e r  room 
temperature has  been reached t h e  h e a t i n g  t a p e  can be removed. 
e l e c t r o s t a t i c  ion pump can be connected t o  t h e  NRC power supply i n  t h e  way 

Now t h e  
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descr ibed above. The blower has t o  be s t a r t e d  and the  vol tage should be 
slowly increased. I n  c o n t r a s t  t o  t h e  pump-down procedure f o r  t h e  w e l l  
outgassed system, t h e r e  w i l l  be a l a r g e  amount of gas r e l eased  during the 
i n i t i a l  ope ra t ion  of t he  pump. Titanium g e t t e r  pumping can not  be e f f e c -  
t i v e  before  t i t an ium s t a r t s  t o  evaporate ,  which r e q u i r e s  approximately 
10 k i l o v o l t s  and 15 milliamperes. 
suppl ied t o  the  pump, the  e l e c t r o n  bombardment r e l e a s e s  l a r g e  amounts of 
gas. Every small i nc rease  i n  the  suppl ied power inc reases  t h e  pressure 
and r e q u i r e s  a considerable  t i m e  t o  recover.  Suddenly, evaporat ion of 
t i t an ium w i l l  s t a r t  and a t  t h i s  moment the  p re s su re  drops down rap id ly .  
I f  t h i s  po in t  has  been reached the  outgassing per iod has been terminated 
and s h o r t l y  t h e r e a f t e r  the roughing valve t o  t h e  d i f f u s i o n  pump can be 
closed.  
d e t e c t i o n  l i m i t  of t he  i o n i z a t i o n  gauge. Nevertheless,  i t  i s  recommended 
t h a t  t he  pump be operated over n i g h t  a t  11 k i l o v o l t s  and 20 mill iamperes 
t o  produce a s u f f i c i e n t l y  heavy t i t an ium l a y e r  on the  wal l  which i s  required 
f o r  t he  following experiments with the mass spectrometer.  

Before t h i s  amount of power can be 

The pressure w i l l  drop continuously and w i l l  be soon helow t h e  

Depending on the  e x t e n t  of t he  exposure t o  a i r ,  t he  type of c leaning,  
and the  in s t a l lmen t  of new f i l amen t s  o r  a new anode, i t  may take between 
two t o  f i v e  days u n t i l  t h i s  po in t  can be reached. Thereaf ter ,  maintenance 
of a good vacuum provides no d i f f i c u l t i e s  and i s  mueh s a f e r  than any d i f -  
fu s ion  pump system because power f a i l u r e  does no t  d e t e r i o r a t e  t he  vacuum. 

4.2 S t a r t i n g  of t he  Ion Source 

The rhenium f i lament  of t he  source does no t  r e q u i r e  condi t ioning i n  
order  t o  o b t a i n  good emission. 
f i lament .  Since the  ion chamber i s  evacuated only through t h e  pinhol 
towards the  mass spec t romete r , i t  i s  necessary t o  r a i s e  the temperature of 
the f i lament  q u i t e  gradual ly  i n  o rde r  t o  avoid excessive pressure i n  the  
i o n i z a t i o n  chamber. Emission s t a r t s  i f  an anode vol tage of +22 t o  45 
v o l t s  i s  app l i ed  with a f i lament  c u r r e n t  between 3.8 and 4.3 amperes, 
depending on the  p re s su re  i n  the  ion source. 
f i lament  and r e q u i r e s  a higher  f i lament  cu r ren t .  
should be ad jus t ed  t o  maintain an e l e c t r o n  emission c u r r e n t  of about 
25 microamperes. 

because i t  would introduce a 60-cycle modulation i n t o  the output  s i g n a l .  

However, outgassing w i l l  occur with any new 

A higher  pressure cools  t he  
The f i lament  c u r r e n t  

The ion  c u r r e n t  depends on the  p o l a r i t y  of t he  f i lament  
* cur ren t .  Therefore,  a c  c u r r e n t  should not  be used t o  h e a t  t h i s  f i lament  

4.3 Peak Monitoring and Slow Scan Mass Spectra’ 

This mode of ope ra t ion  i s  important f o r  t he  adjustment of t he  i n s t r u -  
ment i n  the  laboratory.  It allows the  mass spectrometer t o  remain on a 
peak and enables  t h e  adjustment of t he  ion l ens  vol tages  f o r  maxima output  
cu r ren t .  For t h i s  purpose, a s p e c i a l l y  wired t e s t  plug has been provided. 
This plug, i n s e r t e d  i n  the t e s t  connector A1J2, i n a c t i v a t e s  t he  automatic 
scanning and permits t he  connection t o  a n  e x t e r n a l  programmer, Kepco model 
NP 1-3000. 
t he  v i o l e t  w i r e  t o  terminal  16 and the  red wire t o  terminal  1 7  of t he  

The yellow wire of t he  plug has  t o  be connected to terminal  15, 
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programmer. An x-y recorder  (Moseley model 2DR-2) has been used t o  record 
the  spec t r a .  The vol tage between the  terminals  16 and 17 of the  Kepco 
programmer has been connected t o  the  x-axis  of t h e  recorder  on t h e  1 v o l t /  
inch range. The y-axis  has  t o  be connected t o  t h e  electrometer  output  
p in  8 and the  ground p i n  4 on plug A2. The s e n s i t i v i t y  i n  the  y d i r e c t i o n  
has t o  be ad jus t ed  t o  0.5 vo l t s / i nch .  There a r e  two 28-volt dc power sup- 
p l i e s  necessary t o  ope ra t e  the  instrument.  They should be i s o l a t e d  from 
ground and connected together  i n t o  series. The white wire has t o  be con- 
nected t o  -28 v o l t s ,  the  brown wire t o  common and t h e  b lue  wire t o  +28 v o l t s .  

I f  t h e  pressure i n  the system i s  below 10 t o r r ,  t he  28-volt  power 
s u p p l i e s  can be switched on. Normal scanning speed is  10 seconds per t u r n  
o r  100 seconds f o r  t h e  e n t i r e  low mass range. Typical spec t r a  a r e  shown 
i n  Sec t ion  5.1. The e l e c t r o s t a t i c  i on  pump has t o  be switched o f f  i f  a 
low background no i se  is required.  With the  manual c o n t r o l  on the program- 
m e r ,  i t  is  poss ib l e  t o  a d j u s t  t he  instrument t o  any p a r t i c u l a r  mass peak. 
This i s  necessary i f  t he  t i m e  dependence of t he  p a r t i a l  pressure of one 
p a r t i c u l a r  gas has t o  be i n v e s t i g a t e d  o r  when t h e  vo l t ages  f o r  t he  ion  
l e n s  have t o  be adjusted.  Fortunately,  the adjustments of the p o t e n t i a l s  
f o r  the g r i d  and focus e l e c t r o d e  a r e  not  c r i t i c a l .  Potentiometers have 
been provided f o r  t h i s  adjustment which a r e  loca t ed  i n  the  box above t h e  
feedthrough connectors No. 1 and No. 2. It i s  n o t  expected t h a t  r e a d j u s t -  
ment w i l l  be necessary. 

-4 

4 .4  In t roduc t ion  of Gas 

The shutoff  valve which i s  a t t a c h e d  t o  the  ion  source has t o  be per- 
f e c t l y  t i g h t  t o  permit a long s h e l f  l i f e  of t he  instrument.  This valve 
is  not  s u i t a b l e  f o r  f i n e  r e g u l a t i o n  of t he  gas flow i n t o  the  ion  source 
from atmospheric pressure.  Therefore,  a n  intermediate  s t a g e  is  necessary.  
This intermediate  pressure of 10 t o  100 microns can be provided simply 
by introducing gas through a needle valve t o  a f o r e  pump. The shutoff  
valve provides s u f f i c i e n t  r e g u l a t i o n  of t he  gas flow from t h i s  intermediate  
pressure i n t o  the  i o n i z a t i o n  chamber. 
by observing t h e  e l e c t r o n  emission c u r r e n t  t o  the  anode of t he  ion  source. 
This c u r r e n t  w i l l  decrease a s  soon a s  t h e  gas flow s t a r t s .  In t roduc t ion  
of d i f f e r e n t  gases is necessary f o r  the c a l i b r a t i o n  of t he  mass ranges. It 
i s  adv i sab le  t o  perform the f i r s t  such experiments with the  e l e c t r o s t a t i c  
i on  pump running, i n s p i t e  of t he  a d d i t i o n a l  no i se  introduced by it. 
pump w i l l  quickly remove any excess gas which might be a c c i d e n t a l l y  i n t r o -  
duced i n t o  t h e  system. 
i n t o  the  system when the  pump is  switched o f f .  
monitored with the  i o n i z a t i o n  gauge and a n  inc rease  above a micron should 
be avoided. Excessive pressure i n  t h e  system w i l l  r e s u l t  i n  a glow discharge 
i n  the  m u l t i p l i e r  which may damage the  dynodes o r  t h e  power supply. 

This valve must be opened very slowly 

The 

Spec ia l  c a r e  is  necessary i f  gas i s  introduced 
The pressure should be 
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4.5 F a s t  Scan Mass Spectra 

Automatic mass scan has been provided f o r  normal ope ra t ion  of t h e  
instrument during the rocke t  f l i g h t .  One complete mass scan r e q u i r e s  
2.1 seconds and c o n s i s t s  of two p a r t s .  The r e g u l a r  scan with l i n e a r  
mass s c a l e  from mass 1 t o  54 r e q u i r e s  1.4 seconds and the  extended mass 
range from mass 54 t o  i n f i n i t y  r e q u i r e s  0.7 seconds. 
with a frequency response of a t  l e a s t  500 cyc le s  per  second is  needed 
f o r  t he  t e s t i n g  of t he  instrument i n  t h e  laboratory.  

A recording system 

Visual  i n spec t ion  of t h e  spec t r a  can be done conveniently with a n  
osci l loscope.  The previously used cable  with t h e  test  plug has t o  be 
removed from the  t e s t  connector A1J2 f o r  t h e  osc i l l o scope  operat ion.  
Another t e s t  plug with cab le  has been provided t o  supply the synchronizing 
t r i g g e r  pulse  f o r  the osci l loscope.  This cab le  has  t o  be connected t o  the  
e x t e r n a l  t r i g g e r  terminal  of t he  osc i l l o scope  and t o  ground. The i n s t r u -  
ment output  has  t o  be connected t o  the osc i l l o scope  a m p l i f i e r  input .  The 
accu ra t e  adjustment of t he  osc i l l o scope  depends on the  model which is used. 
Therefore the  following adjustments can only se rve  a s  guidel ines .  They 
have been obtained with a Tektronix osc i l l o scope  model 5458. 

(1) Trigger:  e x t e r n a l ,  p o s i t i v e  s lope  
(2 1 mode a c  
(3) 
(4)  Sweep t i m e  0.1 second per cent imeter  
(5) Connect t he  osc i l l o scope  a m p l i f i e r  (Type H, plug i n  u n i t )  t o  

Horizontal  d i s p l a y  A ,  magnifier o f f  

t he  RF t e s t  po in t .  
a proper RF cyc le  d i sp l ay .  Level adjustment i n  c e n t e r  pos i t i on .  

coax cab le )  and observe the  spectrum. 

With most o sc i l l o scopes ,  it i s  poss ib l e  t o  expand t h e  mass scale o r  t o  
d i s p l a y  a p a r t  of t h e  spectrum on an enlarged scale. 

Adjust  t he  t r i g g e r  s t a b i l i t y  and sweep speed t o  o b t a i n  

(6) Switch the osc i l l o scope  inpu t  t o  the  electrometer  output  (yellow 
- ~~ 

~ ~ _. 
~~ ~~ 

-~ - -  

~~ . ~ - -~ ~ 

A Visicorder  (Minneapolis Honeywell Corp.) i s  recommended i f  permanent 
recordings a r e  needed. 
s t y l u s  Sanborn Recorder Model 150. However, t he  response of t h i s  recorder  
is i n s u f f i c i e n t  t o  reproduce und i s to r t ed  spec t r a .  The Visicorder a m p l i f i e r  
ga in  should be ad jus t ed  t o  o b t a i n  f u l l - s c a l e  d e f l e c t i o n  f o r  5-vol t  input .  
A higher  ga in  can be used i f  t he  l a r g e s t  peak does no t  r e q u i r e  the  f u l l  
range of t he  logari thmic electrometer .  This has been done i n  Figure 22 
where t h e  i n t e n s i t y  s c a l e  has  been i n d i v i d u a l l y  c a l i b r a t e d  by supplying 
small  c u r r e n t s  t o  the  electrometer  ampl i f i e r .  The normal paper speed i s  
10 inches per second. Four inches per second can be used t o  save paper 
bu t  some d e t a i l s  of the spec t r a  a r e  l o s t .  
p ro t ec t ed  from l i g h t  o r  must be permanized with a s p e c i a l  developer and 
f i x e r ;  

scan. 
provided f o r  t h e  osc i l l o scope  ope ra t ion  can be removed. 

Preliminary r e s u l t s  have been obtained with a h o t  

The recorded spec t r a  have t o  be 

A small  p o s i t i v e  pulse  has been provided t o  mark the  s t a r t  of t h e  
r e g u l a r  s can$and  a negat ive pulse  t o  mark t h e  s t a r t  of t h e  extended range - 

S i n c e ’ a  t r i g g e r  pu l se  i s  no t  necessary,  t h e  cab le ,  which has been 
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5. DISASSEMBLY AND REASSEMBLY OF THE INSTRUMENT 

Disassembly may become necessary during labora tory  t e s t i n g  if t h e  
f i laments  of t h e  ion  source o r  of t h e  ion  pump have burned out  o r  i f  t h e  
whole system has been badly contaminated. 

5.1 Replacement of t h e  Ion Source Filament 

I n  t h i s  case  t h e  instrument s h a l l  be vented wi th  dry n i t rogen  through 
t h e  qua r t e r  inch valve on t h e  ion source.  
t h e  t i m e  required f o r  pump down. 
instrument has reached atmospheric pressure.  This i s  done i n  t h e  fol lowing 
way. The two screws (45) have t o  be loosened and t h e  p l a t e s  (46) have t o  
be turned t o  t h e  s i d e .  This w i l l  permit t o  remove the  spr ings  (59). The 
two blocks (3) can now be turned with t h e  a i d  of a screwdriver.  This w i l l  
r e l e a s e  t h e  two b o l t s  and the  cover w i l l  come o f f .  The knob and nut  on t h e  
1/4-inch valve has t o  be removed and t h e  high vacuum f langes  can be un- 
bol ted from t h e  main cover p l a t e  (5). Now, t h e  two f langes  can be d i s -  
assembled f o r  c leaning  of t h e  i o n i z a t i o n  chamber and f o r  i n s t a l l a t i o n  of 
a new f i lament .  The f i lament  has t o  be centered c a r e f u l l y .  A new copper 
gasket  has t o  be i n s t a l l e d  and the  b o l t s  have t o  be t igh tened  equal ly  t o  
15 l b - f t .  The ion  source with t h e  valve can now be at tached t o  the  cover 
p la te  (5) .  The release b o l t s  s h a l l  be returned i n  t h e  locked pos i t i on .  
For t h i s  purpose t h e  p i s t o n  has t o  be pushed upwards and t h e  block (3) has 
t o  be turned back. 
main cover (5) have t o  be loosened a l l  t h e  way. 
be i n s t a l l e d .  
d e l i c a t e  r ing .  
t u r e  (54) before  t h e  ion  source i s  s l i p p e d  over t h e  extension of t h e  
housing. 
t h e  r e l e a s e  b o l t s .  One he lper  s h a l l  hold t h e  washer (11) towards t h e  
f lange  (10). Now t h e  four  b a l l s  can be in se r t ed  from one s i d e  whereby 
t h e  ex tens ion  (14) prevents  them from f a l l i n g  out  on the  o ther  s i d e .  Af te r  
t h e  fou r th  b a l l  i s  i n  t h e  hole  t h e  washer (11) can be lowered. The same 
procedure has t o  be performed on t h e  second b o l t .  The four  screws which 
hold t h e  p l a t e s  (6) t o  t h e  cover (5) have t o  be t ightened evenly by ca re -  
f u l l y  watching t h e  gap between t h e  ion  source and t h e  spectrometer housing. 
This gap s h a l l  have t h e  same width a l l  around and s h a l l  almost disappear .  
F i n a l l y ,  t h e  sp r ings  (50) can be r e i n s e r t e d  and locked i n t o  pos i t i on  wi th  
t h e  p l a t e s  (46) and t h e  screws (45). The four  explosive ac tua to r s  s h a l l  
not  be i n s t a l l e d  before  t h e  bakeout of t h e  instrument.  

This w i l l  considerably reduce 
The ion  source can be removed a f t e r  t h e  

The fou r  b o l t s  which connect t h e  two p l a t e s ( 6 )  with the  
A new gold V-ring has t o  

It should be c a r e f u l l y  centered around t h e  sampling aper -  

Af t e r  ‘the ion  source i s  i n  p’lace, new b a l l s  can be i n s t a l l e d  i n  

Extreme c a r e  i s  necessary during t h e  i n s t a l l a t i o n  of t h i s  

5.2 Disassembly of t h e  E l e c t r o s t a t i c  Ion Pump 

I n  t h i s  case  t h e  instrument can be vented wi th  labora tory  air .  The 
support  tube (36) has  t o  be removed and t h e  instrument placed on the fou r  
pos t s  of t h e  labora tory  s tand.  The b o l t s  of t h e  8-inch u l t r a -h igh  vacuum 
f l ange  can be removed and t h e  mass spectrometer s e c t i o n  can be l i f t e d  o f f .  
The copper gasket  (26) and t h e  g r id  (27) can be removed. The d e l i c a t e  
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edge of the ultra-high vacuum flanges shall be protected with masking tape. 
The Truarc ring ( 2 8 )  and the small Truarc rings for the filament connections 
can be removed with the special tools supplied for this purpose. The three 
bolts ( 6 7 )  should be loosened by approximately one turn. Then the Truarc 
ring ( 6 8 )  can be removed with the special tool. Now the whole inner struc- 
ture of the pump can be pulled out. The further disassembly depends on the 
repairs which have to be performed. It is recommended to remove the studs 
( 3 0 )  and pull the whole lower cage away fromthe upper plate. This exposes 
the filament and anode for easy replacement. It is usually necessary to 
clean the wall of the pump housing since an excess deposit of titanium may 
peel off. This cleaning is best done with a stiff wire brush which leaves 
the surface rather rough and improves the adhesion of titanium. The in- 
sulators and ceramic bushings should be carefully inspected and cleaned 
if deposits of titanium are visible. 
install a new anode. 
becomes so brittle that the anode will not survive the disassembly and 
assembly procedure. The assembly proceeds in the opposite sequence as 
the disassembly. The three bolts ( 6 7 )  have to be tightened moderately to 
remove the end-play between the triangular plate ( 6 9 )  and the Truarc king 

Usually it will be necessary to 
During operation of the pump, the tungsten rod 

( 6 8 )  

5.3 Disassembly and Reassembly of the Mass Spectrometer 

Under normal operating conditions, it is not expected that this 
should be necessary, however a brief description will be given below. The 
five Truarc rings ( 6 5 )  for connections Bo the feedthroughs have to be 
removed. The shield (25) and the two Truarc rings ( 2 2 )  have to be removed. 
There are two Allen head screws in the support ring ( 4 9 ) .  These screws 
have to be loosened half a turn with a special Allen wrench with extended 
shaft. Now the Truarc ring ( 6 2 )  can be pulled out of the housing. If 
further disassembly should be necessary, the connections to the electron 
multiplier have to be cut. After loosening the four nuts ( 2 4 ) ,  all com- 
ponents can be slipped off the four rods (18). The assembly of the 
instrument proceeds in the reverse sequence. The multiplier connections 
have to be spot welded. The two Allen head screws in the ring ( 4 9 )  have 
to be moderately tightened to remove the end-play between the ring ( 6 1 )  
and the Truarc ring ( 6 2 ) .  Some skill is necessary to make the connections 
( 2 2 )  which are not easily accessible. No other difficulties are expected. 
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6 .  PERFORMANCE TESTS 

The f l i g h t  prototype instrument has  been thoroughly t e s t e d  f o r  a 
period of approximately h a l f  a year ,  p a r t l y  before  and p a r t l y  a f t e r  t he  
v i b r a t i o n  t e s t s .  The r e s u l t s  of t hese  tes ts  a r e  summarized below. 

6 . 1  Ion Source 

Although the ion source i s  no t  p a r t  of a mass spectrometer f o r  t he  
measurement of  ambient i ons ,  i t  i s  necessary t o  t es t  the  performance of 
t he  instrument. Some knowledge of t he  ion ou tpu t  of the source i s  re- 
quired t o  eva lua te  the  o v e r a l l  s e n s i t i v i t y  of t h e  mass analyzer .  For 
t h i s  purpose, the ion source has been a t t ached  t o  a s epa ra t e  t e s t  s e t u p  
with the  same entrance a p e r t u r e  a s  used i n  t h e  f l i g h t  prototype. Behind 
t h i s  entrance ape r tu re  was a Faraday cage which measured the  t o t a l  ion 
c u r r e n t  by means of a Cary v i b r a t i n g  reed electrometer .  The anode vol tage 
was kep t  cons t an t  a t  22.5 v o l t .  A small  amount of a i r  was introduced i n t o  
the i o n i z a t i o n  chamber and the  pressure was measured with t h e  thermocouple 
gauge. 
The ion c u r r e n t  emerging from the  entrance a p e r t u r e  was proport ional  t o  

I this e l e c t r o n  c u r r e n t .  The r a t i o  ion - to -e l ec t ron  c u r r e n t  has a p r a c t i -  
c a l l y  cons t an t  value of 5 x 10-8 independent of t h e  p re s su re  i n  t h e  ion  
source i f  t h i s  pressure was-6etween 2 and 20 microns. 
2 microns the  ion c u r r e n t  decreased p ropor t iona l ly  t o  the pressure.  Above 
20 microns the ion c u r r e n t  decreased r a p i d l y  and disappeared completely. 
Apparently, t he  mean f r e e  path of the e l e c t r o n s  becomes too s h o r t  and the  
e l e c t r o n s  cannot ga in  the  necessary i o n i z a t i o n  energy. 
t h i s  c a l i b r a t i o n  was l imi t ed  by the  thermocouple gauge which i s  not  very 
r e l i a b l e  around a few microns. Nevertheless,  i t  permits a rough e s t ima te  
of the ion output  of t h e  sou ce. For a n  e l e c t r o n  c u r r e n t  of 3 microamperes, 
one ob ta ins  approximately 10' ions per second i n  the pressure range between 
2 and 20 microns. A t  a pressure of t o r r ,  one ob ta ins  approximately 
500 ions per second. Useful spec t r a  of the background gas have been ob- 
t a ined  a t  pressures  below t o r r ,  the  d e t e c t i o n  l i m i t  of t he  i o n i z a t i o n  
gauge a t t ached  t o  t h e  mass analyzer .  This has demonstrated adequate sen- 
s i t i v i t y  of t he  instrument.  

The e l e c t r o n  c u r r e n t  has  been va r i ed  between 3 and 20 microamperes. 

I 

A t  a pressure below 

The accuracy of 

During the  f i r s t  experiments, t h e  ion source f i lament  was heated by 
a e  c u r r e n t .  
scanning was used. However, t he  f a s t  scan speed revealed a severe 60 cyc le s  
per second modulation of t he  output  s i g n a l .  A thorough i n v e s t i g a t i o n  re- 
s u l t e d  i n  the following explanation. The ion c u r r e n t  which i s  emit ted 
from the source depends s t r o n g l y  on t h e  d i r e c t i o n  of t he  c u r r e n t  flow 
through t h e  f i lament  and on the  end of t he  f i lament  which has been grounded. 
Maximum ion  c u r r e n t  output  i s  obtained i f  feedthrough No. 1 i s  on ground 
o r  more accu ra t e ly  on housing p o t e n t i a l  and feedthrough No. 2 on +3.8 v o l t .  
The h e l i c a l  f i lament  c o i l  has i t s  l a r g e s t  d i s t a n c e  from t h e  anode a t  feed- 
through No. 1 and the  s h o r t e s t  d i s t ance  a t  feedthrough No. 3. The d i f f e r -  
ence i n  t h e  output  c u r r e n t s  is  q u i t e  s i g n i f i c a n t ,  more than one order  of 

This method worked s a t i s f a c t o r y  a s  long a s  only slow speed 
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magnitude. 
t he  source f i l amen t  with de c u r r e n t  from a 12 v o l t  c a r  b a t t e r y .  
purpose a simple c o n t r o l  box (Figure 13) has been b u i l t  and de l ive red  
with the  instrument.  

Modulation of t he  output  s i g n a l  has  been el iminated by hea t ing  
For t h i s  

It should be mentioned t h a t  t h e  maximum energy of t he  ions and elec- 

The ion energy must be 
t r o n s  is the  same i n  t h i s  s i m p l i f i e d  ion  source. This i s  of no concern 
f o r  t h e  p re sen t  a p p l i c a t i o n  t o  test  t h e  analyzer ,  
kep t  r e l a t i v e l y  low, approximately 20 t o  30 v o l t s ,  i n  order  t o  maintain 
good r e s o l u t i o n .  Since the  e l e c t r o n  energy has the same low value the  
mass spec t r a  look d i f f e r e n t  from t h o e n o r m a l l y  obtained with 70-volt 
e l e c t r o n  energy. The atomic peaks 016, N 1 4  and H 1  a r e  heav i ly  suppressed 
i f  t he  e l e c t r o n  energy is reduced a s  f a r .  I f  a s i m i l a r  ion source should 
ever be used f o r  more general  gas a n a l y t i c a l  work i t  would be necessary 
t o  incorporate  another  e l e c t r o d e  which would permit t he  use of t h e  normal 
70-volt  e l e c t r o n  energy and reduce t h e  ion energy t o  about 20 t o  30 v o l t s .  
A weak long i tud ina l  magnetic f i e l d  should a l s o  be incorporated s i n c e  i t  
w i l l  s i g n i f i c a n t l y  inc rease  t h e  i o n  output  c u r r e n t .  

6.2 Mass Analyzer 

The mass analyzer  c o n s i s t s  of the ion  l e n s ,  t he  monopole mass f i l t e r ,  
and the  e l e c t r o n  m u l t i p l i e r  type ion de tec to r .  The ion  l ens  c o n s i s t s  of 
two e l e c t r o d e s ,  a g r i d  e l e c t r o d e  which i s  kep t  a t  -250 v o l t s  a g a i n s t  t h e  
housing, and a focus e l ec t rode  which i s  kep t  a t  -162 v o l t s  a g a i n s t  t he  
housing. The adjustment of t hese  vo l t ages  is not  c r i t i c a l .  The acce l -  
e r a t i n g  f i e l d  between the  c o n i c a l  ho le  i n  t h e  housing behind t h e  sampling 
o r i f i c e  and the  g r i d  e l e c t r o d e  has a s t r o n g  focusing e f f e c t ,  even i f  t he  
gas pressure before  t h e  sampling o r i f i c e  i s  so high t h a t  c o l l i s i o n s  occur 
near t he  sampling ape r tu re .  The entrance and ex i t  a p e r t u r e s  of t he  mono- 
pole f i l t e r  together  with the  V e l e c t r o d e  a r e  kep t  a t  -13.3 v o l t s  a g a i n s t  
t he  housing. This means t h a t  ambient ions which e n t e r  t h e  sampling o r i f i c e  
with p r a c t i c a l l y  zero v e l o c i t y  w i l l  have a n  energy of 13.3 e l e c t r o n  v o l t s  
i n  the mass f i l t e r .  An inc rease  of t h i s  vol tage w i l l  improve the  s e n s i -  
t i v i t y  and reduce t h e  r e s o l u t i o n .  I f  t h i s  vol tage is changed, readjustment 
of t h e  g r i d  and focus p o t e n t i a l s  w i l l  be necessary.  The p resen t  value of 
-13.3 v o l t s  has  been chosen with more emphasis on r e s o l u t i o n  than on sen- 
s i  t i v i  t y  . 

The housing of t he  mass spectrometer i s  i n s u l a t e d  from the  rocke t  
s k i n  which allows t h e  a p p l i c a t i o n  of a vol tage of approximately -10 v o l t s  
t o  the  instrument housing a g a i n s t  t h e  rocke t  sk in .  The r e s u l t i n g  f i e l d  i s  
expected t o  improve the sampling e f f i c i e n c y  f o r  p o s i t i v e  ions.  However, 
because of t he  f a i r l y  high gas p re s su re  i n  the  D r eg ion  a l a r g e  numberrof 
i on -neu t r a l  c o l l i s i o n s  have t o  be expected, which w i l l  reduce t h e  e f f i -  
c iency of b i a s i n g  t h e  mass spectrometer a g a i n s t  t h e  rocke t  skin.  

The ions  a r e  acce le ra t ed  between the  monopole mass f i l t e r  and t h e  
f i r s t  dynode t h e  e l e c t r o n  m u l t i p l i e r .  The entrance a p e r t u r e  t o  t h e  
e l e c t r o n  m u l t i p l i e r  is  kep t  a t  a h ighe r  p o t e n t i a l  (-2650 v o l t s )  than t h e  
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f i r s t  dynode (-2500 v o l t s ) .  This f i e l d  between the  entrance a p e r t u r e  and 
the  f i r s t  dynode i s  necessary t o  prevent secondary e l e c t r o n s  from the  f i r s t  
dynode from being pul led ou t  through the entrance a p e r t u r e  of the e l e c t r o n  
m u l t i p l i e r .  A 16-stage e l e c t r o n  m u l t i p l i e r  (ITT I n d u s t r i a l  Laborator ies  
Plodel No. F4020) with copper-beryllium dynodes has  been used and worked 
q u i t e  s a t i s f a c t o r y .  I t 's  noise  i s  n e g l i g i b l e ,  even i f  t he  t o t a l  vol tage 
i s  r a i s e d  t o  3500 v o l t s ,  the  maximum value allowed f o r  t h i s  m u l t i p l i e r .  
For the l abora to ry  tests of the instrument,  a smaller m u l t i p l i e r  vol tage 
has been used o r d i n a r i l y  i n  o rde r  t o  improve the s t a t i s t i c a l  accuracy of 
i n t e n s i t y  measurements of small  peaks. For the  a c t u a l  f l i g h t  experiment, 
t he  s e n s i t i v i t y  of t he  instrument can and should be increased about two 
o rde r s  of magnitudes by inc reas ing  the vol tage on the  entrance a p e r t u r e  
t o  3500 v o l t s .  I n  t h i s  ca se ,  each s i n g l e  ion w i l l  produce a v i s i b l e  peak 
i n  the spectrum. The r e a l  l i m i t i n g  f a c t o r  of t he  s e n s i t i v i t y  i s  not  t he  
m u l t i p l i e r  ga in  b u t  r a t h e r  t he  small number of ions which c o n t r i b u t e  t o  
one mass peak. 
second a r e  necessary t o  in su re  the  d e t e c t i o n  of most mass peaks, each con- 
t a i n i n g  i n  t h e  average about 3 ions .  Since the  gas flow through t h e  samp- 
l i n g  a p e r t u r e  i s  about 10 cm3/second, t he  t h e o r e t i c a l  d e t e c t i o n  l i m i t  i s  

The only genuine way t o  improve the  s e n s i t i v i t y  i s  t o  inc rease  the  number 
of ions which c o n t r i b u t e  t o  one peak. This can be done e i t h e r  by imcreas- 
ing the sampling a p e r t u r e  o r  by inc reas ing  the  scanning t i m e .  Both param- 
eters a r e  l imi t ed  by p r a c t i c a l  considerat ions.  The chosen values of these 
and a l l  o the r  b a s i c  parameters a r e  the  r e s u l t  of a compromise between a l l  
c o n f l i c t i n g  requirements. 

Due t o  the f a s t  scan and t h e  good r e s o l u t i o n ,  about 300 ions/ 

30 ambient ions/cm 3 , assuming about 100 percent  t ransmission of t he  analyzer .  

6.2.1 Resolution of t he  mass analyzer.- The r e s o l u t i o n  of a monopole 
mass spectrometer depends on geometric and e l e c t r i c  parameters. The f i r s t  
ones include the entrance and e x i t  ape r tu re s ,  t he  rod diameter,  and the  
length of the f i l t e r .  Based on the  experience obtained previously with 
the  l abora to ry  model, these parameters had t o  be chosen f o r  the f l i g h t  
model and cannot be changed any more. The e l e c t r i c  parameters include the 
dc t o  a c  vol tage r a t i o  and the  ion energy. A f i x e d  r a t i o  of dc t o  a c  
vol tage has been chosen f o r  t he  r egu la r  mass range. Therefore the only 
parameter l e f t  t o  a d j u s t  t he  des i r ed  r e s o l u t i o n  i s  the  ion energy. The 
Ffgures 14 through 16 show t y p i c a l  background spec t r a  before  the bakeout 
of t h e  instrument.  The anode vol tage used f o r  t hese  mass spec t r a  has  been 
reduced from 52 t o  30 and f i n a l l y  t o  22.5 v o l t s .  The improved r e s o l u t i o n  
which has been achieved by reduct ion of t he  anode vol tage i s  c l e a r l y  v i s i -  
b l e ,  e s p e c i a l l y  i n  the range between mass 12 and 18. The background of 
t h i s  unbaked instrument includes mainly CO, C02, H20  and the  fragment ions 
of t hese  gases.  The small peak of atomic hydrogen i s  c l e a r l y  v i s i b l e  a t  
t he  beginning of the mass s c a l e .  Since t h e  average energy of ambient 
atmospheric ions passing through the sampling a p e r t u r e  is smaller  than 
the energy of ions from the  ion source,  it is expeched t h a t  during f l i g h t  
the r e s o l u t i o n  of t he  instrument w i l l  be b e t t e r  than t h e  one obtained i n  
Figure 16 and w i l l  be more than adequate t o  r e so lve  s i n g l e  mass numbers 
up t o  mass 55. 
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Figure  14. Background spectrum w i t h  52 volts on anode. 
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Figure  16. Background spectrum with 22.5 volts 011 anode. 
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For the  r e g u l a r  mass range of the  f l i g h t  prototype mass spectrometer  

This dc/ac 
a dc/ac (peak t o  peak) vol tage  r a t i o  of 0.07 has  been chosen which provides 
adequate r e s o l u t i o n  f o r  i on  energ ies  up t o  40 e l e c t r o n  v o l t s .  
vo l tage  r a t i o  i s  approxirqately 80 percent  of t he  maximum value corresponding 
t o  the  top of t he  s t a b i l i t y  diagram, which is  the  normal ope ra t ing  po in t  f o r  
a quadropole mass spectrometer .  Accordingly, t he  a c  vol tages  a r e  80 percent  
and the  dc vol tages  a r e  6 4  percent  of t he  corresponding values  f o r  a quadro- 
pole instrument  of t he  same s i z e .  Since only one in s t ead  of four  rods has  
t o  be suppl ied  with a c  power, t he  b a s i c  a c  power consumption of t he  monopole 
instrument  is only 1 6  percent  of t he  corresponding value f o r  t he  quadropole 
instrument . 

- - 

Figure 17  shows a mass spectrum of a mixture of helium and a i r  which 
has been obtained e a r l i e r  f o r  t he  c a l i b r a t i o n  of t he  low mass s c a l e .  Figure 18 
i s  a r egu la r  mass spectrum of a i r  a f t e r  bakeout of t he  instrument.  The smoo- 
t h e r  curve i n  the  l a t t e r  f i g u r e  has  been obtained by f i l t e r i n g  the  output  of 
t he  e lec t rometer  preampligier with a 0.47-microfarad capac i to r .  This capa- 
c i t o r  has  no de t r imen ta l  e f f e c t  f o r  t h e  f a s t  mass  scan  and i t  s i m p l i f i e s  
t he  te lemetry of t he  spec t r a .  The r e l a t i v e  peak he igh t s  of t h i s  a i r  spec- 
trum a r e  d i f f e r e n t  from the  ones which a r e  normally obtained from mass 
spectrometers  using a Nier type i o n  source with 70 v o l t  e l e c t r o n  energy. 
Here, t he  e l e c t r o n  energy is  l e s s  than 30 v o l t s  which r e s u l t s  i n  a suppres- 
s i o n  of t he  atomic spec ie s  of oxygen and n i t rogen .  I n  a d d i t i o n ,  t he  g e t t e r  
a c t i o n  of t i t an ium f o r  argon i t  i s  p r a c t i c a l l y  zero and f o r  water vapor i s  
much smal le r  than f o r  oxygen and n i t rogen .  I f  a i r  i s  cont inuously i n t r o -  
duced i n t o  the  mass spectrometer i on  source,  the  p a r t i a l  p ressure  of argon 
inc reases  s t e a d i l y ,  whereas the  p a r t i a l  p ressures  f o r  oxygen and n i t rogen  
s t a y  p r a c t i c a l l y  cons tan t .  
consequence f o r  t he  intended use of t he  instrument  t o  d e t e c t  ambient ions  
i n  the  upper atmosphere. The composition of t he  gas i n  the  mass spectrom- 
e t e r  has  no e f f e c t  on the  mass  spectrum which w i l l  be obtained from ambient 
ions ,  a$ long a s  t he  pressure  i n  the  instrument  i s  below approximately 
2 x 10' t o r r .  

These d iscr imina tory  e f f e c t s  have no adverse 

6.2.2 S e n s i t i v i t y  of t he  monopole mass spectrometer .  - The sens i -  
t i v i t y  of t he  monopole mass spectrometer is a complicated func t ion  of a l l  
design parameters of t he  instrument.  This has  been thoroughly s tud ied  
with the  labora tory  instrument  and the  r e s u l t s  w i l l  be repor ted  i n  d e t a i l  
i n  t he  f i r s t  p a r t  of t he  f i n a l  r e p o r t .  In  the  meantime, a s h o r t  summary 
s h a l l  be given here .  Higher s e n s i t i v i t y  can be obtained with some s a c r i -  
f i c e  of r e s o l u t i o n  and v i ce  versa .  The s e n s i t i v i t y  is  gene ra l ly  improved 
with inc reas ing  ion  energy. However, t h i s  func t ion  has  s e v e r a l  maxima 
and minima which occur a t  d i f f e r e n t  i o n  energ ies  f o r  d i f f e r e n t  masses. 
Therefore ,  t he  r e l a t i v e  peak he igh t s  depend on the  ion  energy. This i s  
the  r e s u l t  of t he  l imi t ed  number of o s c i l l a t i o r s o f  t he  beam i n  the  monopole 
f i e l d .  
by use of wide en t rance  and e x i t  ape r tu re s .  Based on the  experience with 
the  l abora to ry  instrument ,  it is  expected t h a t  t he  s e n s i t i v i t y  v a r i a t i o n s  
a r e  l e s s  than 20 p e r c e n t - i n  the  f l i g h t  prototype instrument.  They can be 
e n t i r e l y  e l imina ted  by c a l i b r a t i n g  the  instrument  with the  same ion  energy 
a s  a n t i c i p a t e d  dur ing  the  f l i g h t  experiment. 

The e f f e c t  has  been minimized i n  the  f l i g h t  prototype instrument  
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An important f i g u r e  f o r  t he  eva lua t ion  of t h e  instrument is  t h e  over- 
a l l  t ransmission c o e f f i c i e n t  which s h a l l  be def ined a s  the  r a t i o  between 
the  cunber of ions leaving the  monopole f i l t e r  t o  t h e  number of ions en- 
t e r i n g  through the  sampling ape r tu re .  Theore t i ca l ly ,  it should be poss ib l e  
t o  measure both c u r r e n t s  with Faraday cages,  one r i g h t  a f t e r  t h e  sampling 
o r i f i c e  and the  o t h e r  one a f t e r  t h e  ex i t  ape r tu re .  The f i r s t  one must be 
r e t r a c t a b l e  t o  permit t h e  ion  beam t o  pass through t h e  f i l t e r .  
t h e r e  is  no t  enough space between the  sampling o r i f i c e  and f i r s t  g r i d  t o  
permit t h e  in t roduc t ion  of a Faraday cage. Therefore,  a n  i n d i r e c t  method 
had t o  be used. 
t a ined  from t h e  f a c t o r y  i n  a vacuum sea led  housing, was 3 x lo5 f o r  a 
t o t a l  vol tage of 2500 v o l t s .  
has  contaminated the  m u l t i p l i e r  with pump o i l .  
washed with t r i ch lo roe thy lene  and was thereby exposed t o  normal l abora to ry  
a i r  of moderate humidity f o r  s e v e r a l  weeks. 
decreased about one order  of magnitude. 
c a l c u l a t e d  by d iv id ing  the  m u l t i p l i e r  output  c u r r e n t  with the  m u l t i p l i e r  
gain.  This i o n  c u r r e n t  can be compared with the  output  c u r r e n t  from the  
ion  source which was measured independently a s  descr ibed i n  Sec t ion  6.1. 
Under these  assumptions, one ob ta ins  a n  o v e r a l l  t ransmission c o e f f i c i e n t  
of approximately 15 percent .  

P r a c t i c a l l y ,  

The o r i g i n a l  ga in  of t h e  e l e c t r o n  m u l t i p l i e r ,  when ob- 

An acc iden t  during the  pumpdown procedure 
The m u l t i p l i e r  has  been 

The g a i n  of t he  m u l t i p l i e r  
The ion  output  s u r r e n t  can be - 

Experiments with the  l abora to ry  instrument have ind ica t ed  t h a t  t he  
s e n s i t i v i t y  of t he  instrument can be increased by a f a c t o r  of f i v e  i f  a 
weak magnetic f i e l d  i s  generated near the entrance a p e r t u r e  of t he  mono- 
pole  f i e l d .  The d i r e c t i o n  of t he  magnetic f i e l d  must be such t h a t  t h e  
beam i s  d e f l e c t e d  towards the  rod. I f  t he  f i e l d  has  the  opposi te  d i r e c -  
t i o n  the  s e n s i t i v i t y  i s  d r a s t i c a l l y  reduced. A Nier type ion  source was 
used i n  the  l abora to ry  instrument and the  d i r e c t i o n  of t he  e l e c t r o n  beam 
i n  t h i s  source was p a r a l l e l  t o  the d i r e c t i o n  of t he  magnetic f i e l d .  The 
r e v e r s a l  of t h e  d i r e c t i o n  of t h e  magnetic f i e l d  cannot have any e f f e c t  on 
the i o n i z i n g  e l e c t r o n  beam. It must be  concluded t h a t  t he  output  c u r r e n t  
of t he  ion  source was no t  a f f e c t e d  by t h e  magnetic f i e l d ,  b u t  t h a t  t he  
s l i g h t  d e f l e c t i o n  of t he  ion  beam towards t h e  rod has improved the  t r a n s -  
mission of t h e  analyzer .  
prototype. However, he re  the e f f e c t  i s  less unambiguous because t h e  elec- 
t r o n  beam i n  t h i s  s i m p l i f i e d  ion  source i s  i n  a x i a l  d i r e c t i o n  and w i l l  be 
s t r o n g l y  d e f l e c t e d  by the  magnetic f i e l d .  

A s i m i l a r  e f f e c t  has been observed with the  f l i g h t  

In  the  f i r s t  ve r s ion  of t h e  f l i g h t  prototype the  focus e l e c t r o d e  has 
been s p l i t  t o  permit e l e c t r o s t a t i c  d e f l e c t i o n  of t h e  beam be fo re  t h e  mono- 
pole f i e l d .  Su rp r i s ing ly ,  no improvement of t h e  s e n s i t i v i t y  could be 
obtained. Therefore,  i n  t he  f i n a l  ve r s ion  of t he  f l i g h t  prototype the  
s p l i t  focus e l e c t r o d e  has  been replaced by a s i n g l e  focus e l ec t rode .  The 
main d i f f e r e n c e  between t h e  e l e c t r o s t a t i c  and t h e  magnetic d e f l e c t i o n  of 
t he  beam is t h a t  t he  f i r s t  one is l o c a l i z e d  t o  a very s h o r t  region i n  
f r o n t  of the entrance a p e r t u r e  whereas the  l a t t e r  one i s  d i s t r i b u t e d  over 
a n  apprec i ab le  length of t h e  ion path and extends w e l l  i n t o  the  monopole 
f i e l d .  Apparently, t h i s  more gradual  d e f l e c t i o n  is  e s s e n t i a l  f o r  t he  
improvement of t h e  transmission. Further  i n v e s t i g a t i o n s  of t h i s  valuable  
e f f e c t  a r e  recommended e s p e c i a l l y  i f  a h ighe r  s e n s i t i v i t y  is needed. 
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6.2.3 Mass sca l e .  - During the  r egu la r  mass scan  the  mass s c a l e  i s  
e s s e  
background and a i r  spectrbm with a small  amount of helium added to  the  
a i r  t o  provide the  peak a t  mass number four .  
l i n e a r  mass s c a l e  occurred a t  t he  very low end f o r  t he  masses o 
This can be b e s t  seen on Figure 19 where t h e  c e n t e r  p a r t  of t he  
mass s c a l e  has  been ex t r apo la t ed  a l l  t he  way downto mass zero. 
c u l a r  hydrogen peak 2 is  about a t  p o s i t i o n  3 of t h i s  s ca l e .  
compression of t he  mass s c a l e  f o r  very low masses is  caused by the  non- 
l i n e a r i t y  of t he  r e c t i f i e r  diodes used f o r  t he  product ion of t he  dc 
vol tage  which should be propor t iona l  t o  the  a c  vol tage .  
r a t i o  is no longer cons tan t  i f  t he  vol tages  a r e  extremely small .  
molecular hydrogen peak a t  mass 2 is usua l ly  present i n  the  background 
spectrum and is  a convenient marker f o r  t h i s  p a r t  of t he  mass sca l e .  
The atomic hydrogen peak a t  mass 1 is  much smaller  and r equ i r e s  a h igher  
anode vol tage  t o  be v i s i b l e .  
shown i n  Figure218: 
duced by the  bakeout and t h a t  the  hydrogen peak disappeared. 
peak 32 i s  smal le r  and the  argon peak 40 is  l a r g e r  than the  r e l a t e d  
p a r t i a l  p ressures  of these  gases  i n  a i r .  This is mainly the  r e s u l t  of 
d i f f e r e n t  absorp t ion  speeds on the  t i t an ium l aye r  and of r eac t ions  with 
the  source f i lament .  
logari thmic r e l a t i o n  between the  instrument  output  vo l tage  and the  e l e c t r o n  
m u l t i p l i e r  output  cu r ren t .  

s can be seen  from Figure 17  which r ep resen t s  a 

A s l i g h t  dev ia t ion  of t he  

T h i  

This vo l tage  
The 

A t y p i c a l  a i r  spectrum a f t e r  bakeout is  
One can see t h a t  t he  water peak 18 is heav i ly  r e -  

The oxygen 

The i n t e n s i t y  s c a l e  i n  t h i s  f i g u r e  shows the  semi- 

One va luable  and unique f e a t u r e  of t h i s  instrument  i s  the  extended 
mass range which covers approximately mass 55 t o  mass 400 with decreasing 
r e s o l u t i o n  and increas ing  s e n s i t i v i t y .  
t he  a c  vol tage  i s  kept  cons t an t  and the  dc vol tage  is  reduced t o , z e r o ,  
which can be done convenient ly  by d ischarg ing  a capac i to r .  
of t h i s  extended mass range is  t o  d e t e c t  any heavier  ions  which might be 
present  i n  the  upper atmosphere. 
s c a l e  i s  t h a t  a wide mass range can be covered i n  the  r e l a t i v e l y  s h o r t  
time of approximately 0.6 seconds. 
fmnmass 55 t o  mass 400 would r equ i r e  a n  a d d i t i o n a l  scanning time of approx- 
imately 5 seconds which is much too long t o  o b t a i n  s u f f i c i e n t  he igh t  reso-  
l u t i o n  during a rocke t  experiment. Linear mass s c a l e  with f a s t e r  scan  would 
reduce t h e  s e n s i t i v i t y  and would produce sharper  peaks which r ep resen t  a 
s e r i o u s  d i f f i c u l t y  f o r  t he  te lemetry of t he  spec t r a .  I n  a d d i t i o n ,  t he  power 
requirements f o r  a l i n e a r  mass range monopole mass spectrometer would be 
approximately 50 times higher .  
i s  p r a c t i c a l l y  the  same a s  f o r  t he  r e g u l a r  mass range which considerably 
f a c i l i t a t e s  t he  te lemetry.  The r e s o l u t i o n  of t he  l i n e a r  mass range is  
pnoport ional  t o  the  mass and the  r e s o l u t i o n  of t he  extended mass range is 

During t h i s  p a r t  of t he  mass scan, 

The purpose 

The advantage of t h i s  compressed mass 

An extens ion  of t h e  l i n e a r  mass range 

The peak shape of t he  extended mass range 

imi l a r  t o  the  r e s o l u t i o n  of a 
ve r ,  i n  c o n t r a s t  t o  a magnetic spe - 

t he  s e n s i t i v i t y  of t he  monopole i sed 

l e  information about a l l  heav ie r  ions  which a r e  pre- 
sphere,  toge ther  with a rough determinat ion of t h e i r  

i t i o n a l  r e s u l t s  a r e  obtained with very l i t t l e  sac-  
t i o n  and with only  minor complicat ions i n  the  power 

. This s p e c i a l  f e a t u r e  of the  f l i  
a l low obta i n i  
s e n t  i n  the  u 

supply f o r  t he  instrument.  The extended mass range is  unique f o r  t he  mono- 
pole  mass spectrometer and cannot be achieved with a quadropole instrument.  
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Since the  mass s c a l e  of t h e  extended mas’s range i s  nonl inear ,  a n  
accu ra t e  c a l i b r a t i o n  is necessary.  
introduced i n t o  the  ion  source which have a l a r g e  molecular weight and a 
w e l l  known spectrum. 
wide a p a r t  t o  be separated even a t  t he  reduced r e s o l u t i o n  of t he  extended 
mass range. 

For t h i s  purpose m a t e r i a l s  have t o  be 

The c h a r a c t e r i s t i c  mass peaks should be s u f f i c i e n t l y  

The f i r s t  ma te r i a l  which has been used f o r  t h i s  purpose was s u l f u r -  
hexafluoride.  The slow scan spectrum of t h i s  m a t e r i a l  with t h e  l i n e a r  
mass range i s  shown i n  Figure 19: 
p l e  charged, have been observed. 
which a r e  due p a r t l y  t o  t h e  small  a ode vol tage of only 22.5 v o l t s  and 
p a r t l y  t o  the r e l a t i v e l y  high pressure i n  the ion source.  The normal 
background spectrum be fo re  the  i n t r o d u c t i o n  of SF6 cons i s t ed  mainly of 
t h e  peaks a t  t he  masses 28, 44, 18, 1 7 ,  16, 2 and 1. The in t roduc t ion  
of SF6 produced a very l a r g e  peak a t  mass 20 and simultaneously caused 
a considerable  r educ t ion  of the peak a t  mass 2. No f l u o r i n e  peak a t  mass 19 
became v i s i b l e .  Apparently, due t o  the  high pressure i n  the  ion  source,  
t h e  f l u o r i n e  has  r eac t ed  with the  hydrogen which i s  produced mainly by the  
decomposition of water vapor, and t h e  20 peak i s  caused by HF. A s i m i l a r  
r e a c t i o n  can be observed with s u l f u r  (main peak a t  mass 32) where t h e  
molecules HS (mass 33) and mainly H2S (mass 34) have been found. 
heavy end of the mass s c a l e  t h e  peaks from the molecular fragments SF3 
(mass 89) and SF4 (mass 108) a r e  c h a r a c t e r i s t i c  milestones of t he  mass 
s c a l e  

Most fragment ions,  some of themmul t i -  
me spectrum shows some abnormali t ies  

A t  t h e  

A f a s t  scan mass spectrum of su l fu rhexa f luo r ide  i s  shown i n  Figure 2 0 .  
It c o n s i s t s  of the l i n e a r  po r t ion  of t h e  spectrum up t o  mass number 54 and 
the  extended mass range. By f a r  t he  l a r g e s t  peak i s  caused by the  fragment 
SF5 a t  mass 127. From 
previous work with t h i s  m a t e r i a l ,  it i s  well known t h a t  t he  molecule of t h e  
parent  peak SF6 a t  mass 146 does no t  form p o s i t i v e  ions.  

The peaks a t  108 and 89 a r e  aga in  c l e a r l y  v i s i b l e .  

The s t a r t  of t he  extended mass range, which is i d e n t i c a l  with the  end 
of the r e g u l a r  mass range, i s  marked by a negat ive pulse .  The end of t he  
extended mass range, which is  i d e n t i c a l  with t h e  s t a r t  of a new r e g u l a r  
mass range, i s  marked by a p o s i t i v e  pulse.  
c i e n t  f o r  the pos i t i on ing  of t h e  mass s c a l e  and e l imina te  t h e  need t o  telem- 
e ter  the  scanning vol tages  f o r  the mass determination. 
Visicorder  a m p l i f i e r  has been used f o r  a l l  g a s t  scan spec t r a .  
b ra t ed  i n t e n s i t y  s c a l e  is shown on the  r i g h t  s i d e  of Figure 20.  

These two markers a r e  s u f f i -  

Maximum g a i n  of t h e  
The c a l i -  

i. 

Since t h r e e  po in t s  a r e  n o t  s u f f i c i e n t  t o  c a l i b r a t e  t h e  extended mass 
range, another  c a l i b r a t i o n  has  been performed with pe r f luo r  thylcyclo-  
hexane CgF16. 
pressure a t  room temperature t o  be introduced d i r e c t l y  i n t o  the  i n l e t  
system of the  mass spectrometer.  The mass spectrum of t h i s  m a t e r i a l  i s  
r e l a t i v e l y  simple s i n c e  it c o n s i s t s  b a s i c a l l y  of two sets of l i n e s  which 
a r e  e i t h e r  12 o r  19 mass numbers ap+r t ,  depending on whether a carbon o r  
f l u o r i n e  atom has been removed from t h e  molecule. Figure 2 1  shows a slow 
scan mass spectrum of t h i s  m a t e r i a l  and Figure 22 a f a s t  scan mass spectrum. 

This m a t e r i a l  is a l i q u i d  b u t  has  a s u f f i c i e n t l g  high vapor 
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The peaks have been i d e n t i f i e d  by comparison with a mass spectrum obtained 
with a l a r g e  magnetic mass spectrometer.  The r a d i c a l s  which correspond t o  
the  major peaks a r e  marked i n  the  spectrum. The s e n s i t i v i t y  of t h e  mono- 
pole  mass spectrometer i nc reases  f o r  heav ie r  masses i n  c o n t r a s t  t o  a mag- 
n e t i c  type mass spectrometer,  e s p e c i a l l y  i f  t h e  latter one i s  scanned with 
the  a c c e l e r a t i o n  vol tage.  It can be assumed t h a t  even l a r g e r  masses w i l l  
produce peaks. However, mass determinat ion of very high masses is re- 
s t r i c t e d  due t o  the small  r e s o l u t i o n  and l a r g e  compression of t h e  mass 
sca l e .  

A t h i r d  m a t e r i a l  which has been used f o r  t h e  c a l i b r a t i o n  of t h e  ex- 
tended mass range is  carbon t e t r a c h l o r i d e  C C j 4 .  
of t h i s  m a t e r i a l  is shown i n  Figure 23 and t h e  fiast  s can  spectrum i n  
Figure 2 4 .  Unfortunately,  t h i s  m a t e r i a l  has  badly contaminated t h e  i n s t r u -  
ment. 
e l e c t r o n  bombardment, r eac t ed  with the  hydrogen background and produced 
hydrochlor ic  a c i d  which become the  major contaminant of t he  background gas ,  
long a f t e r  t he  in t roduc t ion  of C C j 4  had been stopped and the  instrument 
was pumped down again.  This can be seen from Figure 25  which con ta ins  
the two l a r g e  peaks a t  mass 36 and 38. The s i z e  of t hese  peaks could not  
be reduced e i t h e r  by extended pumping over s e v e r a l  days o r  by vent ing the  
instrument t o  a i r  a t  atmospheric pressure.  
by exposure t o  NH3 and by baking over s e v e r a l  days. 

The slow scan spectrum 

The c h l o r i n e  ions,  which have been s p l i t  o f f  from the  molecule by 

They have been f i n a l l y  removed 

These c a l i b r a t i o n  experiments f o r  the extended mass range have proven 
t h a t  t h i s  unique f e a t u r e  of the monopole mass spectrometer i s  extremely 
valuable  t o  d e t e c t  whether t h e r e  a r e  any masses p re sen t  i n  the spectrum 
which a r e  beyond the  r e g u l a r  mass range. I n  a d d i t i o n ,  a rough mass d e t e r -  
mination is  poss ib l e  with the  monopole mass specqrometer whereas a quadro- 
pole mass spectrometer can only provide a n  information about t he  sum of 
a l l  heavier  masses. 

6 . 3  Pump Performance 

6 .3 .1  Titanium g e t t e r  pump. - The behavior of t he  t i t an ium g e t t e r  
pump confirmed the  r e s u l t s  obtained previously from the  l abora to ry  i n s t r u -  
ment. The b a s i c  l i m i t a t i o n  of t h i s  pump comes from t h e  gaot t h a t  r a r e  
gases a r e  n o t  absorbed. Since argon i s  the  most abundant r a r e  gas i n  the  
atmosphere, it becomes t h e  main c o n s t i t u e n t  of t he  background gas a f t e r  a 
l a r g e  amount of a i r  has  been introduced i n t o  a system which is pumped only 
by a t i t an ium g e t t e r .  The pressure buildup can be e a s i l y  ca l cu la t ed .  The 
i n t e r n a l  f r e e  volume of t he  f l i g h t  prototype i s  approximately 5 liters. 
The maximum ope ra t ing  pressure of the instrument cannot be def ined accur- 
a t e l y .  Mass spec t r a  f o r  q u a l i t a t i v e  i n v e s t i g a t i o n s  have been obtained a t  
p re s su res  a s  high a s  5 microns. However, t h e  s e n s i t i v i t y  is seve re ly  
reduced i f  t h e  mean f r e e  path of the ions is s h o r t e r  than t h e  length of 
t he  monopole f i l t e r  and i n  t h i s  case the  p a r t i a l  pressure i s  a n  ambiguous 
func t ion  of t h e  peak height .  Since the  s e n s i t i v i t y  s t a y s  f a i r l y  constant  
up t o  a p re s su re  approximately 2 x 10-4 t o r r ,  it is  n o t  recommended t o  
exceed t h i s  pressure.  This p a r t i a l  p re s su re  of argon w i l l  ex i s t  i n  t h e  
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-3 '-1 instrument a f t e r  10 
l i ters  of a i r  have been introduced. 
be s l i g h t l y  higher  than the  p a r t i a l  pressure of argon because a l s o  some 
of the o t h e r  atmospheric gases ,  e s p e c i a l l y  n i t rogen ,  a r e  no t  completely 
absorbed. Near * s a t u r a t i o n  of the g e t t e r  t he  p a r t i a l  pressures  of n i t rogen  
and argon a r e  u s u a l l y  approximately equal.  Absorption of n i t rogen  can be 
improved i f  t he  a c t i v e  t i t an ium l a y e r  has  been deposi ted a t  a high pump 
wa l l  temperature under high vacuum condi t ions.  
pumping with a n  e x t e r n a l  pump t o  remove the  l a r g e  amount of hydrogen which 
i s  r e l eased  during t h i s  process.  The small  f r a c t i o n  of atmosphefic n i t r o -  
gen (about 1 percent)  which is  not  absorbed by the cold t i t an ium g e t t e r  
w i l l  be absorbed quickly and completely by the same p r a c t i c a l l y  s a t u r a t e d  
g e t t e r  i f  i t s  temperature i s  increased t o  about 20OoC. 
should be avoided s i n c e  t i t an ium hydride s t a r t s  t o  decompose and produce a 
l a r g e  hydrogen background. It s h a l l  be mentioned t h a t ,  i n  conBrast t o  
n i t rogen ,  oxygen has been always completely absorbed. 

t o r r  l i ters  of argon o r  approximately 10 t o r r  
The t o t a l  pressure i n  the  system w i l l  

This r e q u i r e s  continuous 

Higher temperatures 

The t i t an ium g e t t e r  worked extremely well t o  maintain high vacuum 
(- t o r r )  i n  the instrument during a long s to rage  period of about 
3 months. Nevertheless i t  i s  recommended t o  ope ra t e  the pump f o r  about 
1 hour s h o r t l y  before  launch of t h e  rocke t  i n  o rde r  t o  produce a f r e s h  
l aye r  of t i t an ium with maximum abso rp t ion  c a p a b i l i t y .  

The a l t i t u d e  a t  which the  instrument can be opened is  approximately 
75 kilometers .  
weight of the whole payload w i l l  be known. This weight determines the  
maximum a l t i t u d e  which can be reached by the tomahawk rocket .  
c i t y  a s  a func t ion  of a l t i t u d e  must be known t o  permit the c a l c u l a t i o n  
of t he  gas flow through the entrance ape r tu re .  

The accu ra t e  value can only be c a l c u l a t e d  a f t e r  t he  t o t a l  

The velo- 

Several  experiments have been performed t o  s tudy the speed of n i t rogen  
absorpt ion on t h e  t i t an ium g e t t e r .  For t h i s  purpose a l a r g e  amount of a i r  
has been suddenly introduced i n t o  the ion  source and the  he igh t  of t he  28 
peak has  been monitored (see Figure 26).  The i n l e t  manifold was evacuated 
with a forepump and a pressure of 0.3 t o r r  was ad jus t ed  with a needle valve.  
This pressure dropped t o  0.18 t o r r  when the 1/4-inch valve t o  the  ion  
source was opened. This valve has been kep t  open f o r  5 seconds during 
which t i m e  50 cm3 of a i r  could pass through t h e  sampling o r i f i c e  and an- 
o the r  60 cm3 has f i l l e d  the  t o t a l  volume of t he  ion  source with the  thermo- 
couple gauge. This corresponds t o  a t o t a l  gas flow of about 0.02 t o r r  
l i t e r  of a i r .  The h e i g h t  of t he  28 peak a t  t h e  s t a r t  of t h i s  experiment 
was caused by t h e  amount of a i r  which had been introduced during previous 
experiments. When the  valve i s  opened, t h e  28 peak inc reases  suddenly,as 
expected,and disappears  almost completely f o r  about  7 seconds. 
t h i s  t i m e ,  t he  pressure i n  t h e  source i s  so high t h a t  p r a c t i c a l l y  no ions 
can be formed. As t he  pressure decreases ,  t h e  mean f ree  path of t he  elec- 
t rons  inc reases  and ions a r e  formed when the  energy exceeds the  ioniza-  
t i o n  p o t e n t i a l .  Maximum ion  c u r r e n t  has been obtained a f t e r  about 20 
seconds. The absorpt ion process is e s s e n t i a l l y  completed a f t e r  about 
40 seconds. 

During 

One can see t h a t  a f t e r  t h i s  experiment t he  28 peak is s l i g h t l y  
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h ighe r  than before ,  which means t h a t  n i t r o g e n  has  no t  been completely ab- 
sorbed. The decrease of t he  peak h e i g h t  between 25 and 30 seconds i s  
p ropor t iona l  t o  the  decrease of t he  pressure i n  t h e  i o n  source. This 
i n d i c a t e s  t h a t  the absorpt ion of n i t rogen  occurs p r a c t i c a l l y  in s t an tane -  
ously.  This is a d e f i n i t e  advantage of the t i t an ium g e t t e r  pump i n  com- 
pa r i son  t o  the  z e o l i t e  cryopump where t h e  absorpt ion process i s  much 
slower. 

6 . 3 . 2  In t e r f e rence  problems between the  e l e c t r o s t a t i c  i on  pump and 
t h e  mass spectrometer.  - 
could be operated simultaneously with the  e l e c t r o s t a t i c  ion pump. 
ions o r  e l e c t r o n s  from the pump have been de tec t ed  i n  the  mass spectrom- 
eter / ,not  even by pulse  counting technique of extreme s e n s i t i v i t y .  
case t h e  pump and spectrometer were connected over two r j g h t  ang le  elbows 
and a r e l a t i v e l y  long and narrow tubu la t ion .  

The mass spectrometer of t he  l abora to ry  model 
No 

In  t h i s  

The f l i g h t  prototype instrument i s  much more compact which r e s u l t e d  
i n  severe i n t e r f e r e n c e  problems. I n  the  f i r s t  ve r s ion  of t h i s  instrument 
it was p r a c t i c a l l y  impossible t o  ope ra t e  the  pump and the  mass spectrom- 
e ter  simultaneously.  Figure 27 shows two mass spec t r a  which have been 
obtained with t h i s  f i r s t  ve r s ion  of t he  f l i g h t  prototype instrument.  The 
upper spectrum has been obtained with t h e  e l e c t r o s t a t i c  ion pump i n  opera- 
t i on .  The background no i se  produced by the  pump is  s o  l a r g e  t h a t  the mass 
spectrum can ha rd ly  be recognized. The scan of t h e  lower spectrum has been 
s t a r t e d  r i g h t  a f t e r  t he  pump has been switched o f f .  The main peaks, 28, 
18, and 17 a r e  now c l e a r l y  v i s i b l e .  A t  t h e  s t a r t  of t he  scan t h e r e  is 
s t i l l  a l a r g e  amount of noise  which decreases  towards the  end of t he  scan. 
This background noise  disappeared about 10 minutes a f t e r  t he  pump had 
been switched o f f .  It i s  q u i t e  unprobable t h a t  f r e e  ions o r  e l e c t r o n s  
could have p e r s i s t e d  such a long t i m e .  It i s  more l i k e l y  t h a t  ions which 
did s t i c k  t o  t h e  w a l l  without being discharged were readmitted a t  a l a t e r  
t i m e .  It i s  a l s o  poss ib l e  t h a t  metastable  molecules have been formed 
which produce l i g h t  i n  the  moment of r e t u r n  t o  the  ground s t a t e ,  

This i n t e r f e r e n c e  problem is of no concern f o r  t h e  planned use of t he  
instrument a s  a n  ion  analyzer  i n  the upper atmosphere, s i n c e  during the 
a c t u a l  rocke t  f l i g h t  t he  e l e c t r o s t a t i c  ion pump would no t  be i n  ope ra t ion  
and the  whole pumping a c t i o n  w i l l  be performed only by the g e t t e r  a c t i o n  
of the t i t an ium l aye r  on the  wall .  A l l  t h e  spec t r a  shown i n  the  previous 
s e c t i o n  have been obtained i n  t h i s  way. 
s a t u r a t i o n  of t h e  t i t an ium l a y e r  i f  l a r g e  gas loads were admitted t o  the  
instrument.  Over pressure may r e s u l t  i n  severe damage of t he  instrument.  
Between measurements t he  pump has been operated and new a c t i v e  l a y e r s  of 
t i t a n i u m  have been deposi ted on t h e  wal l .  Therefore,  f o r  t he  l abora to ry  
t e s t s  of t he  instrument,  i t  would be much s a f e r  i f  i t  were poss ib l e  t o  
ope ra t e  the  pump and the  mass spectrometer simultaneously.  Considerable 
e f f o r t  has  been made t o  determine the  cause of t h i s  i n t e r f e r e n c e  and t o  
reduce i t s  magnitude. 

Great c a r e  was necessary t o  avoid 
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Figure 2 7 .  Pump interference with f i r s t  prototype f l i g h t  instrument. 
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E l e c t r o s t a t i c  i n t e r f e r e n c e  was caused by t h e  a c  c u r r e n t  of t he  pump 
f i laments  and by the  r i p p l e  of t he  pump high vol tage supply. This i n t e r -  
ference has been el iminated by i n s e r t i n g  t h e  f i n e  mesh 27 (see Figure 1) 
between t h e  pump and t h e  mass spectrometer.  Electrons from the  h o t  f i l a -  
ment of t he  pump d id  migrate through the  g r i d  27 and were c o l l e c t e d  by 
the  output  wire of t he  e l e c t r o n  m u l t i p l i e r ,  d e s p i t e  t h e  f a c t  t h a t  t h e r e  
was no d i r e c t  l i n e  of s i g h t  between the f i lament  and t h i s  wire. This 
happened even i f  no high vol tage was app l i ed  t o  t h e  anode of t h e  pump. 
This e f f e c t  could be completely el iminated by applying a b i a s  vol tage t o  
the  f i lament  of approximately 4-20 v o l t s  a g a i n s t  housing. 
produced i n  t h e  pump i n  l a r g e  numbers, could migrate i n t o  the  mass spec- 
trometer r eg ion  and some of them d i d  e n t e r  t he  m u l t i p l i e r  through the  
f r o n t  ape r tu re .  
has been incorporated;  it r e t a i n s  ions  i n  t h e  pump. The inner  tube of 
p l a t e  (61) has  a l s o  been added t o  s h i e l d  t h e  entrance a p e r t u r e  of t he  
e l e c t r o n  m u l t i p l i e r  a g a i n s t  s t r a y  ions.  Another s h i e l d  over t he  ex i t  end 
of t h e  m u l t i p l i e r  has  been added and the  output  wire has been r e loca ted  
and i s  now i n  a b e t t e r  p ro t ec t ed  pos i t i on .  A l a r g e  improvement i s  t h e  
r e s u l t  of t hese  modif icat ions which can be seen by comparing Figure 28 
with the  previous Figure 27. Figure 28 shows a n  a i r  spec t rumwith  the  
pump i n  operat ion.  Even minor peaks a t  mass 40 and 44 a r e  now v i s i b l e .  
However, t he  i n t e r f e r e n c e  no i se  is  st i l l  no t  completely el iminated and 
r e s u l t s  mainly i n  a displacement of t h e  mass spectrum from the  base l i n e .  
This displacement inc reases  with t h e  pump vo l t age  and the  pump c u r r e n t  
and e s p e c i a l l y  with the  gas p re s su re  i n  t h e  pump. Because of t he  s t rong  
f i e l d  between the  b a f f l e  p l a t e  (29) and t h e  g r i d  (27) o r  t he  housing 
t h e r e  i s  no p o s s i b i l i t y  f o r  any charged p a r t i c l e s  t o  escape d i r e c t l y  from 
the  pump i n t o  the  mass spectrometer.  To exp la in  the  observed e f f e c t  i t  
would be necessary t o  assume secondary processes i n  which s e v e r a l  charge 
changes occur. For in s t ance ,  secondary e l e c t r o n  emission from t h e  pump 
w a l l ,  due t o  i o n  impact and i o n i z a t i o n  of t he  gas between t h e  p l a t e  (29) 
and g r i d  (27) by these  secondary e l e c t r o n s .  Another p o s s i b i l i t y  is  t h a t  
l i g h t  from the  discharge i n  the  pump may reach t h e  e l e c t r o n  m u l t i p l i e r  
a f t e r  being r e f l e c t e d  s e v e r a l  t i m e s  on t h e  wa l l s  and b a f f l e s .  Further  
i n v e s t i g a t i o n s  a r e  necessary t o  determine the  cause and e l imina te  t h e  
small remaining i n t e r f e r e n c e .  I f  even tua l ly ,  t h e  pump should be operated 
during f l i g h t ,  complete e l imina t ion  of t h e  i n t e r f e r e n c e  would be necessary.  
Nevertheless,  t h e  improvements a r e  a l r e a d y  s u f f i c i e n t  t o  permit ope ra t ion  
of t h e  pump during the  l abora to ry  tests of t he  instrument.  

Ions, which a r e  

The b a f f l e  p l a t e  (29) which i s  kep t  on anode p o t e n t i a l  

6.4 Shock and Vibrat ion Tests 

The shock t e s t  has  been performed with GCA f a c i l i t i e s  and included 
s e v e r a l  shocks of i nc reas ing  i n t e n s i t y  up t o  a maximum value of 50 g, 
app l i ed  i n  a x i a l  d i r e c t i o n  of t he  instrument.  No damage has  been observed. 

Vibrat ion tests have been performed a t  Associated Test ing Laborator ies  
on 5 June 1968 i n  accordance with t h e  test  procedure f o r  a Nike-Tomahawk 
rocket .  The tes t  report i -s  included i n  the  Appendix of t h i s  r e p o r t .  The 
only damage which could be de t ec t ed  a f t e r  t hese  tests were broken f i l amen t s  
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BASELINE 

F i g u r e  28. Pump interference with final prototype flight instrument. 
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i n  t he  ion  source and i n  the  thermocouple gauge. Af te r  these  f i laments  
had been replaced,  t he  instrument performed a s  we l l  a s  before  t h e  v ibra-  
t i o n  t e s t s .  The pump f i laments  and the  pump anode d id  surv ive  the  v ibra-  
t i o n  t e s t s .  However, it must be mentioned t h a t  the  pump was not  i n  
opera t ion  before  the  t e s t ,  t he re fo re ,  no r e c r y s t a l l i z a t i o n  of t he  tungsten 
has occurred. The tungsten rod of the  anode becomes extremely b r i t t l e  
a f t e r  t he  pump %as i n  opera t ion  f o r  some time. Therefore,  t he  instrument 
r equ i r e s  very c a r e f u l  handl ing t o  maintain t h e  pump i n  good opera t ing  
condi t ion  f o r  the depos i t  of a f r e s h  t i t an ium l aye r  immediately before  
launch. During launch the  anode w i l l  f r a c t u r e ,  bu t  t he  g r i d s  (73) and 
(27) w i l l  prevent broken p a r t s  from en te r ing  the  mass spectrometer sec-  
t i on .  Therefore,  they cannot i n t e r f e r e  with t h e  performance of t he  
instrument.  
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7 .  RECOMMENDATIONS FOR FUTURE WORK AND IMPROVEMENTS 

The instrument i s  ready f o r  rocke t  i n s t a l l a t i o n .  One te lemetry channel 
However, since t h i s  i s  s u f f i c i e n t  f o r  t h e  t ransmission of t h e  mass spec t r a .  

instrument i s  t h e  f i r s t  one of i t s  kind,  it is  recommended t o  monitor t h e  
f o 1 lowing vo 1 t a  ges . 

The dc vo l t ages  on the rod from p i n  No. 3 on A5J5. The inpu t  impedance 
of t h i s  te lemetry channel must be l a r g e r  than 100 megohms i n  order  t o  avoid 
a change of t he  mass sca l e .  

A small f r a c t i o n  of  t h e  vol tage on t h e  e l e c t r o n  m u l t i p l i e r  from p i n  No. 5 
There i s  no need t o  check t h i s  po in t  continuously,  b u t  an occasional  on A2J3. 

check would be valuable.  

S igna l s  should be  provided t o  i n d i c a t e  the  proper nose cone e j e c t i o n  
and t h e  cover r e l ease .  

Continuous te lemetry of a t t i t u d e  sensors  is necessary f o r  t he  quant i -  
t a t i v e  eva lua t ion  of t h e  mass spec t r a .  

For the  eva lua t ion  of t h e  pump performance it i s  recommended t o  measure 
continuously t h e  ram pressure i n  f r o n t  of t h e  instrument a s  we l l  a s  t h e  
pressure i n  t h e  mass spectrometer.  

I f  i n  t h e  f u t u r e  more instruments of t h i s  type should be needed, i t  
would be poss ib l e  t o  considerably reduce the  weight and cos t .  The conven- 
i e n t  f e a t u r e  of t h e  p re sen t  instrument,  which permits undestruct ive d i s -  
assembly, would no longer be necessary a f t e r  a l l  l abo ra to ry  t e s t i n g  has  
been done and then a n  a l l  welded cons t ruc t ion  w i l l  be advantageous. 

Very important improvements of t h e  instrument a r e  f e a s i b l e  i f  t he  ion 
pump could be operated during t h e  f l i g h t .  I n  t h i s  ca se ,  it would be possi-  
b l e  e i t h e r  t o  open t h e  instrument a t  much lower a l t i t u d e s  o r  t o  inc rease  
the  s i z e  of t h e  entrance a p e r t u r e  and with it t h e  s e n s i t i v i t y  of t he  
instrument.  The power requirements f o r  ope ra t ing  the  pump a r e  small and 
q u i t e  t o l e r a b l e  during the  s h o r t  d u r a t i o n  of a rocke t  f l i g h t .  The obsta-  
c les  which have t o  be solved a r e  the  complete e l imina t ion  of t he  pump 
i n t e r f e r e n c e  and the  ruggedizing of t h e  anode s t r u c t u r e .  

It has been demonstrated previously with t h e  l abora to ry  model t h a t  it 
is  poss ib l e  t o  d e t e c t  negat ive ions and t o  achieve u l t ima te  s e n s i t i v i t y  
by a pu l se  coutiting technique. Ufifortunately, due t o  the  l imi t ed  funds, 
i t  was n o t  poss ib l e  t o  incorporate  these  valuable  f e a t u r e s  i n t o  t h e  p re sen t  
f l i g h t  prototype, 

The instrument i n  i t s  p resen t  form i s  capable t o  measure r e l a t i v e  i o n  
concentrat ions i n  t h e  upper atmosphere. I n  o rde r  t o  o b t a i n  abso lu te  con- 
c e n t r a t i o n s  i t  would be necessary t o  measure with a Langmuir probe the  
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t o t a l  ion concent ra t ion ,  p referab ly  on the  same rocket  f l i g h t .  Absolute 
c a l i b r a t i o n  of t he  mass spectrometer i t s e l f ,  inc luding  the  aerodynamic 
phenomena i n  the  shock wave i n  f r o n t  of t he  instrument ,  its a sepa ra t e  
major t a sk  which was not  funded i n  the  present  con t r ac t .  
necessary f o r  such a c a l i b r a t i o n  would only be j u s t i f i e d  i f  s e v e r a l  i n s t r u -  
ments of t h i s  type w i l l  be used f o r  a more tborough i n v e s t i g a t i o n  of the  
ionosphere. 

The l a r g e  e f f o r t  
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3.0 Manufacturer's Type or Model No.: I 
"F1 ig h t I ke 

Torno hawk" 

5.0 Quantity of Items Tested: One (1.) 

I d I 
7.0 Date Test Completed: I I May 22, 1968 
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TEST PROCEDURE: 

d e s c r i p t i o n  of  t h e  t e s t  as i t  was performed. 

The D Region Spectrometer was secure ly  a t tached  t o  a Vibra t ion  Test  
F ix tu re  which w a s ,  i n  t u rn ,  secure ly  f 
V ib ra t ion  Exciter. Figure 1 a t  t h e  en  
t e s t  specimen mounted f o r  Vibra t ion .  The t e s t  c 
p a r t s ;  Sinusokdal Survey, S inusoida l  Sweep and Random Frequency 
Vibrat ion.  Vibra t ion  w a s  appl ied  i n  each of t h r e e  mutually perpen- 
d i c u l a r  axes and v i b r a t i o n  w a s  completed i n  one s before  going 
onto  the  next.  The Vibra t ion  Test  w a s  performed 

Table I 

Survey F l i g h t  Level Sine Sweep 

Axis - 
Thrust  
z-z 

Duration J( 
Leve 1 

(p.0 t o  peak) Frequency Range (cps) 

10 - 2000 1g * 

x-x & Y-Y 10 - 30 
30 - 2000 

* Sweep Rate 1.5 Octave/Min. 

Table I1 
Sinusoida l  Logarithmic Sweep Vibra t ion  

Test  Schedule 

l .5g  
5" / se c Je 

78 

e /Min 

* 

P a g e 5  
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Thrust  
Z-Z 

20 - 2000 20 sec 05 
g%ps 

7.6g  .03 20 - 2000 20 s e c l a x i s  L a t e r a l  
x-x & Y-Y t g21cps 

Following completion of each p a r t  of V ib ra t ion  i n  each a x i s ,  t he  
D Region Spectrometer was v i s u a l l y  examined €or  evidence of phys i ca l  
damage o r  d e t e r i o r a t i o n .  


